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Abstract 
 Attention Restoration Theory indicates that interacting with nature allows one’s fatigued, 
directed attention to be restored. This effect has been documented and produced through directed 
interaction with nature, such as a walk in the park, as well as through indirect interactions (e.g., 
photographs). The current dissertation was designed to: 1) investigate whether and how biophilic 
attitudes affect the attention-restoring effects incurred from interactions with nature, and 2) 
extend the research on ART by assessing the impact of nature-related audio stimuli. A total of 
184 participants completed an assessment of biophilic attitudes, engaged in attention fatiguing 
exercises, and participated in one of five intervention conditions where they viewed photographs 
of nature, viewed photographs of nature and listened to nature sounds simultaneously, viewed 
photographs of nature and listened to classical music, listened to classical music, or viewed 
urban photographs before completing an attentional diagnostic instrument and a proof-reading 
task. My results indicated that neither visual nor auditory interactions with nature had a 
significant effect on attention restoration; nor did biophilic attitudes interact with intervention 
condition to influence attention restoration. Viewing photographs of nature did, however, have a 
significant effect on the perceived restorativeness of the scenes and sounds experienced.  
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Chapter 1: Introduction 
 There is an assumption that learners, whether academic or professional, benefit greatly 
from the excess of technology that places the world’s information within one’s reach of a 
computer or cellphone. However, the constant barrage of available electronic stimuli that 
technology provides has cognitive drawbacks that are sometimes overlooked. First, cognitive and 
attentional resources are increasingly utilized as the duration of stimuli is prolonged; second, the 
natural remedies that allow and facilitate attention recovery, such as viewing or spending time in 
nature, are available and/or utilized less frequently. 
In recent years, there has been increased interest in the cognitive and health-related 
benefits of non-pharmaceutical interventions. Attention deficits and disorders are increasingly 
prevalent—especially in school-age children. As parents may not wish to drug their children or 
the symptoms may not rise to the level requiring medication, it is important to investigate the 
availability of effective, natural interventions. Such interventions, such as mindfulness training, 
meditation, yoga, and music therapy are heavily researched, effective interventions, but they all 
share a common trait—they take time. By contrast, a relatively recent line of research examining 
the benefits of simple, relatively short interactions with nature (e.g., nature walks, sitting in 
nature, viewing photographs of nature) is based on Stephen and Rachel Kaplan’s Attention 
Restoration Theory (ART) (1989; 1995). Their work, along with that of other researchers, 
provides evidence that spending time in nature, whether physically or virtually, can produce 
physical (Ulrich, 1983; Ulrich, Simons, Losito, Fiorito, Miles, & Zelson, 1991), emotional 
(Butryn & Furst, 2003; Hall & Michael, 1995; Hartig, Mang, & Evans, 1991), and cognitive 
benefits (Berman, Jonides, & Kaplan, 2008; Bodin & Hartig, 2003; Kaplan, 1995; Taylor, Faber, 
& Kuo, 2009).  
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ART is built on a fundamental assumption that natural environments contain unique, 
inherent qualities that produce cognitive and physiological effects on humans due to an 
evolutionary dependence on such environments (Kaplan, 1995; Kellert & Wilson, 1995; 
Manaker, 1996). Similar to ART, research on biophilia, sometimes referred to as the biophilia 
hypothesis (Kellert & Wilson, 1995; Wilson, 1984), also proposes that humans have evolved an 
urge to interact with the natural environment. ART can be seen as an extension of the biophilia 
hypothesis as it focuses on the outcomes of the biophilic urge to interact with nature. 
Interestingly, however, researchers have yet to examine whether biophilic attitudes might 
moderate the effects of interactions with nature. The current dissertation is designed to 1) 
investigate whether and how biophilic attitudes affect the attention-restoring effects incurred 
from interactions with nature, and (2) extend the research on ART by assessing the impact of 
nature-related audio stimuli. I turn next to a brief description of the literature underlying the 
conceptual framework for this study. 
Attention Restoration Theory 
William James was the first to propose that attention could be divided into two types: 
directed attention and indirect/involuntary attention. Subsequent research has provided 
supportive evidence for this assumption (Fan, McCandliss, Fosella, Flombaum, & Posner, 2002; 
Fan, McCandles, Sommer, Raz, & Posner, 2005). Directed attention is utilized when one 
consciously employs cognitive resources on a given task (e.g., driving, solving a problem, having 
a conversation) that involves moving information in and out of working memory. One feature of 
directed attention is that it is prone to fatigue when multitasking or utilized in a prolonged 
manner (Berto, 2005; Berman, Jonidas, & Kaplan, 2008; Kaplan 1995; Kaplan & Kaplan, 1989). 
This fatigue occurs most often when one is completing a task(s) that provides minimal intrinsic 
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motivation, and thus requires distractions to be suppressed (e.g., doing homework while 
watching television or daydreaming about weekend plans) (Kaplan, 1995; Kaplan & Berman, 
2010). The effects of attentional fatigue have been documented consistently in research studies 
where participants experienced increased distractibility, increased irritability, increased strain, 
reduced performance on effortful tasks, (Glass & Singer, 1972; Neuchterlein et.al., 1983; 
Parasuraman; Warm & Dember, 1986) and increased impulsivity (Berry, Sweeney, Morath, 
Odum, and Jordan (2014). Directed attentional fatigue can be especially harmful to performance 
on many types of tasks since attention is essential for problem solving, inhibiting impulses, 
behaving appropriately, and perceiving material that is not inherently intriguing (Berto, 2007).  
Kaplan (1982) hypothesized that attentional fatigue “is a manifestation of overuse of the 
neural inhibitory mechanism underlying the capacity to inhibit competing stimuli” (p. 77). 
Kaplan’s description of the role of directed attention is similar to how Baddeley (1995) describes 
the role of the central executive network (CEN). Executive control processes such as problem 
solving, maintaining attention and arousal, moving items in and out of working memory, and 
maintaining inhibition are all included under the blanket term, directed attention (Alvarez & 
Emory, 2006; Anderson & Farree, 2010; Jaquet, Danuser, & Gomez, 2014; Miller & Cohen, 
2001; Posner & Snyder, 1975; Rabbitt, 1997). ART was developed as a possible strategy for 
combating the effects of attentional fatigue.  
With most professional and academic work requiring extended use of directed attentional 
processes, finding a practical way to ameliorate the deleterious effects of direct-attentional 
fatigue is critical. These effects may be even more deleterious for those with attention deficits, 
but this is an area in need of investigation. Children and adults alike experience a constant 
bombardment of stimuli in the form of cell phones, video games, television shows, and 
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computers that tax attentional resources and lead to attentional fatigue. ART was proposed to 
deliver a relatively quick, cheap, and generally available solution to combat such attentional 
fatigue. ART indicates that attentional fatigue can be restored more efficiently through 
interacting with nature compared with other activities and/or environments because natural 
environments invoke indirect attention, or fascination, which, again, allows directed attention to 
restore. Support for this contention has been sought via multiple experimental studies across 
different age groups and populations, and utilizing everything from direct interactions with 
nature to virtual interactions and photographs (Berman, Jonides, & Kaplan, 2008; Berto, 2005; 
Fan, et al., 2002; Hartig, Mang, & Evans, 1991; Kaplan, 2008; Kjellgren & Buhrkall, 2010; Lee, 
Williams, Sargent, Williams, & Johnson, 2015).  
As one would expect, interest in this type of research generates interest from areas in 
healthcare, business, and academia due to the cost efficiency and relative ease of interacting with 
nature. Interactions with nature can be accomplished with minimal effort and without pills, 
surgery, cost, or participation from others, making this very practical for those of all ages and 
physical abilities. Walking or sitting in a park, viewing a natural scene out of a window, or even 
viewing a photograph of a natural environment are all documented, effective ways to interact 
with nature. Adding to the practicality of utilizing nature as a means of cognitive restoration is 
that positive benefits are experienced in relatively short periods. The majority of ART studies 
featured interaction periods lasting less than an hour, with a number of them requiring 
participants to interact with nature for less than 20 minutes; one study found significant effects 
from interactions lasting less than 1 minute (Lee, Williams, Sargent, Williams, & Johnson, 2015) 
Not all of the ART studies produced the anticipated effect, however, and the reasons for 
this remain unclear. Importantly, the vast majority of these studies focused on only visual aspects 
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of interactions with nature, although a physical interaction with nature would likely include 
auditory, as well as visual, stimuli. It has long been established that music, in general, can have 
significant effects on cognition and physiology (Brodsky, 2002; Furnham & Bradley, 1997; 
Nelson, 1963; Plutchik, 1959; Smith & Mossir, 1977; Tan, Yowler, Super, & Fratianne, 2012; 
Wolfe, 1983). Classical music, specifically, has been shown to promote mindfulness and 
relaxation, (Gaston, 1951; Knight & Rickard, 2001; Labbe, Schmid, & Babbin, 2007; Radocy & 
Boyle, 2003; Summer, 2012; Taylor, 1973; Voss et al., 2004), and is generally less distracting on 
task performance compared to other types of music (Borling, 1981; Duffy, 1957; Purham & 
Currie, 2014). These findings suggest the possibility that the auditory stimuli one would 
encounter while spending time in nature might produce a similar effect. However, this has yet to 
be carefully investigated. Thus, one purpose of the current dissertation was to examine the effect 
of nature sounds in combination with nature photographs on attention restoration.  
Another potential explanation for why some of the ART studies failed to report 
significant effects may be the failure to consider how individuals’ attitudes towards nature might 
influence their responses to interactions with nature. Biophilia, defined by Wikipedia as “love of 
life or living systems,” is a likely candidate for moderating how one responds to nature 
interactions for reasons described next.  
Biophilia 
ART’s premise that humans are linked to and have an innate drive to interact with nature 
is not a novel idea. Wilson (1984) popularized the term, biophilia, in his 1984 book in which he 
and Kellert defined it as “the urge to affiliate with other forms of life” (Kellert & Wilson, 1995, 
p. 416). Peter Kahn, in his paper on biophilia (1997), further expounded on the link between 
humans and nature, writing: 
 
 
6 
 
By most evolutionary accounts, human beings lived for most of 2 million years 
on the savannas of East Africa. During this time, it is believed that certain 
features of landscape offered greater chances for individual and group survival. 
For example, bodies of water not only provided a physical necessity to 
individuals, but presumably they provided a perimeter of defense from most 
natural enemies. Bodies of water also drew forth other animals and plant life on 
which humans depended. Prominences overlooking grass lands presumably 
afforded views of approaching threats posed by certain animals or inclement 
weather. Trees with relatively low trunks presumably allowed accesses for 
climbing, while those also with relatively high canopies did not block the view. 
Flowers presumably indicated food sources (Kahn, 1997, p.3). 
Despite the apparent similarities underlying both ART and studies of biophilia, there has 
yet to be any published research exploring the possible relationship between one’s biophilic 
attitudes and the degree to which nature interactions facilitate attention restoration. On one hand, 
as more and more people have moved out of rural areas and into urban areas, it is possible that 
some people have developed strong preferences for cityscapes and have lost some of the 
previously-noted, innate biophilic preferences. On the other hand, the notion of innate 
preferences for nature plausibly explains why people crowd national parks for “reasons they 
can’t put into words” (Wilson, 1992, p. 350). Yet other people who hold negative, biophobic 
attitudes may see a beautiful view of the beach and ocean and be reminded of a fear of sharks, a 
nasty sunburn, or messy sand. The point is that interactions with nature may have varying effects 
on a person depending on how that person feels about nature. 
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 Preferences, of course, do affect how we experience the world. There are many examples 
of how our preferences affect how we react to external stimuli. Consider how listening to 
preferred music can positively affect one’s attitude, mood, and even physical performance. This 
relationship works both ways, however; our preferences can affect how we experience the world, 
but our experiences also affect our preferences. Color preferences are an example of this. 
Research shows that humans generally prefer colors that are linked to positive experiences such 
as loving the color blue due to a fascination with the ocean or being particularly fond of the color 
purple because it was the color of your bedroom growing up (Strauss, Schloss, & Palmer, 2013). 
This may explain why people’s biophilic attitudes vary, even though all humans do seem to have 
an innate preference for natural environments and/or photographs of natural environments (likely 
inherited through our evolutionary history). 
An Evolutionary Explanation for ART 
 Supporting the link between biophilic attitudes and ART is the main underlying 
assumption of both theories: both assume an evolutionary drive to connect/interact with nature. 
Now, consider two competing explanations for the cognitive and physiological benefits derived 
from interactions with nature. If the cognitive and physiological effects of ART are attributed 
solely to nature-like settings providing a less arousing or distracting environment than urban 
environments, then one would expect attention to be restored more readily in natural or nature-
like compared to urban environments (as has been demonstrated). However, this explanation 
cannot account for the significant differences reported between nature conditions and most 
control or quiet urban conditions that have been reported in some studies (Kuo, 2001; Cimprich 
& Ronis, 2003; Stark, 2003; Berman, Jonides, & Kaplan, 2008). However, these findings can be 
explained by evoking an evolutionary explanation. The only theory that explains the effects 
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established in studies utilizing photographs as interactions with nature would be one that 
involves an evolutionary framework.  
The Current Study 
 Several researchers have recently cited ART as evidence of biophilia (Browning, 2015; 
Browning, 2016; Frash, Blose, Norman, & Patience, 2016; Mills, Taylor, Dwyer, & Bartlett, 
2014; Willis, 2015), noting that ART studies demonstrating that interactions with natural 
environments better facilitate attention restoration support Wilson’s biophilia hypothesis that 
humans are organically drawn to affiliate with nature. This conclusion makes sense as biophilia 
indicates that humans are drawn to nature, and ART focuses on benefits of interactions with 
nature. Despite the apparent link between these constructs, however, there has yet to be any 
empirical investigation of if and how these two constructs may be related. As will be discussed 
further in the review of literature, failure to consider biophilic attitudes may explain why there 
have been contradictory findings regarding the effects of ART, failed replication attempts, and a 
lingering question as to whether interactions with nature reliably produce significant cognitive 
effects. In addition to the question of how individual differences in biophilia may moderate the 
effect of interacting with nature on attention restoration, studies on ART have also neglected the 
potential role played by nature sounds.  
Purpose of the Study 
 The primary purpose of the current study was to examine the effects of nature 
interactions, biophilic attitudes, and their interaction on two measures of directed-attention. 
Directed-attention was operationalized as performance on the Attention Network Test, as this 
was what the instrument was designed for and has been shown to assess (ANT; Fan, McCandliss, 
 
 
9 
 
Sommer, Raz, & Posner, 2002). Performance on the Proof Reading Test (PRT; Hartig, Mang, & 
Evans, 1991-adapted from Glass & Singer, 1972) was interpreted as a corollary of directed 
attention, as was done by Hartig and colleagues (1991). Additionally, ratings on the Perceived 
Restorativeness Scale (PRS; Hartig, Korpela, Evans, & Gärling, 1997) were utilized as a 
measure of the restorative qualities for the nature scenes. Specifically, I sought to: 
1) Extend the research on ART by investigating the effects of nature sounds as well 
as visual input on directed attention; and 
2) Determine if the effects of Attention Restoration Theory (ART) are moderated by 
differences in biophilic attitudes. 
Research Questions 
 The specific research questions addressed in this study were: 
1) What is the effect of intervention condition on directed attention as assessed with 
the Attention Network Test (ANT) and Proof Reading Task (PRT), as well as on 
perceived restorativeness (PRS)?  
2) What is the effect of biophilic attitudes on directed attention and perceived 
restorativeness?  
3) Do biophilic attitudes moderate the effects of nature photographs and nature 
sounds on directed attention and perceived restorativeness?  
 To address these questions, participants were randomly assigned to one of five conditions 
(10 with counterbalancing) and then completed the Biophilic Attitudes Inventory (BAI) followed 
by  an attention-fatiguing task (Backwards & Forwards Digit-Span task) prior to viewing and/or 
listening to one of the following five intervention conditions: 1) nature photos & nature sounds; 
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2) nature photos & classical music; 3) nature photos; 4) classical music, or 5) urban photos 
(negative control). Participants then completed the assessment of attention restoration (PRS), 
followed by a measure of attention (Attention Network Test) and an academic/vocational task 
(Proof-Reading task). The final step for participants was to complete the demographic 
questionnaire.  
Hypotheses 
1)  I hypothesized that there would be a main effect for condition on the executive 
control portion of the Attention Network Test (ANT). Importantly, I expected that 
only scores on the executive control portion of the ANT (the instrument assesses three 
types of attention—executive control, alerting, and orienting) would differ across 
conditions, as directed attention and executive control have been shown to be 
synonymous in other related studies (Berman, Jonides, & Kaplan, 2008; Fan, 
McCandles, Sommer, Raz, & Posner, 2002). Specifically: 
• I hypothesized that participants who viewed nature photographs while 
simultaneously listing to nature sounds would score significantly higher 
on the executive control portion of the ANT compared to all other 
conditions, as this should have been the most immersive condition that 
would approximate an actual presence in nature.  
• I expected that those in the nature photos & nature photos paired with 
classical music would do better on the executive portion of the ANT than 
those in the classical music only and the negative control conditions, as 
both these conditions both feature nature photographs providing a degree 
of nature interaction.  
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• I did not expect a significant difference on the ANT between the nature 
photos only and the nature photos & classical music conditions as there 
has yet to be any research conducted on the possible attention restoration 
potential of classical music, although classical music has been shown to 
produce relaxation.  
• I expected that those who listened to classical music would perform 
significantly better on the ANT compared to those in the urban photos 
condition (negative control) as urban photographs have been shown to 
have a negative effect on directed attention while non-lyrical, non-
syncopated classical music (utilized in the study) has not been shown to 
have a deleterious effect on attention.  
• Further, I expected the same main effect for condition and ordering of 
means on the Proof Reading Task (PRT) and Perceived Restorativeness 
Scale (PRS).  
2) I did not anticipate a main effect for biophilic attitudes, as assessed with the BAI 
Curiosity scale for any of the dependent variables.  
3) I anticipated that biophilic attitudes as assessed with the BAI Curiosity scale would 
interact with the condition factor to influence performance on all dependent variables.  
• First, with respect to those in the three intervention conditions that involve 
some sort of interaction with nature (nature photos & nature sounds, nature 
photos & classical music, and nature photos), I hypothesized that those with 
higher BAI scores would score significantly higher on the ANT (executive 
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control scores only) and PRT, and would have higher ratings on the PRS 
compared to those with lower BAI scores.  
• With respect to those in the non-nature intervention conditions (classical 
music, urban photos/control), I hypothesized that there would be no 
significant differences on any of the dependent variables (ANT, PRT, PRS) 
between those with lower and higher BAI scores.  
Benefits to the Research Literature 
 This study contributes to the research literature by exploring, with sufficient power, 
whether nature sounds have an effect on directed attention and whether one’s biophilic attitudes 
moderate the impact of nature interactions on directed attention. With several failed replication 
studies, it is important to understand the limitations of ART and whether the theorized effects are 
beneficial for everyone, or whether they are only beneficial for those who have certain 
preexisting biophilic attitudes. This is the first study, to my knowledge, that investigates whether 
biophilic attitudes can moderate the effect of interactions with nature on task performance. 
Additionally, this is only the second study designed to assess the impact of auditory stimuli in 
restoring directed attention. Finally, the current study investigates the effects of nature 
interactions not only on basic cognitive processes (e.g., ANT), but also on a common academic 
or vocational task (i.e., Proof-Reading Task), and a measure of each condition’s restorative 
qualities (i.e., Perceived Restorativeness Scale). Thus, the current study was designed to extend 
the theoretical and practical implications of ART.  
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Chapter 2: Literature Review 
Overview 
Hypothesizing that interacting with nature aids in the recovery of directed attention, 
Stephen and Rachel Kaplan (1989) developed ART. Researchers since then have published 
supporting evidence that direct exposure to nature, or viewing photographs of nature, facilitates 
the restoration of fatigued, directed attention. Interestingly, there have only been two attempts to 
investigate whether the contribution of nature sounds have a similar beneficial effect on attention 
restoration, and the findings are mixed, with Emfield and Neider (2014) finding no restorative 
effect for nature sounds and Zhang and colleagues (2017) finding a significant effect. There 
were, however, several weaknesses associated with each study that will be discussed later in this 
review. Additionally, no study to date has explored whether preexisting biophilic attitudes may 
influence the degree to which interactions with nature facilitate attention restoration. 
Consequently, this dissertation is designed to address these limitations in the literature on ART.  
The review of literature for this dissertation comprises several sections, beginning with a 
general discussion on attention and then moving onto theories and applicable findings related to 
visual and auditory attention. Music is then briefly covered with an emphasis on how music 
affects attentional outcomes. Following this, I present an in-depth discussion of the literature on 
ART containing a summary of the early literature and the theory’s development leading from 
non-experimental studies to more experimental studies. Additionally, I review two meta-analyses 
related to ART along with their strengths and weaknesses, and then delve into several of the 
published studies that have failed to replicate previous findings within ART. The discussion on 
ART ends with a discussion of the limitations in general of the published studies and the 
questions that remain to be answered. I then discuss biophilia, the instruments that are currently 
utilized to assess biophilic attitudes, and how biophilic attitudes and ART are related 
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theoretically and in the literature. I conclude by summarizing the reviewed literature before 
moving onto the methodology of the current study.  
Attention 
Attention is the centerpiece of ART. One of the most important reasons why humans are 
poor at multitasking and are prone to distraction is because of limited cognitive resources. 
Attending to relevant task information in multitasking situations or in distracting environments is 
very difficult because it demands a great deal of attentional resources to simultaneously suppress 
all of the distracting stimuli that compete for primary task attention (Eriksen & Eriksen, 1974; 
Treisman, 1960). ART makes two assumptions about attention. The first is that attention can be 
classified as either directed/voluntary, or indirect/involuntary attention—also sometimes termed 
fascination (Kaplan, 1995). Second, ART indicates that attention can fatigue after repeated 
and/or prolonged use. Attentional fatigue can occur regardless of the mode of perception; 
auditory or visual stimuli can both contribute to attentional fatigue.  
Visual Attention 
Attention Restoration theory is based on preservation, restoration, and performance on 
attention-based tasks. Theories of visual attention explain the mechanism whereby non-relevant 
stimuli are filtered to allow the best use of our limited attentional resources. Researchers have 
conducted studies and developed theories to explain why only some of what we “see” is 
processed, what and when visual information is filtered out before processing, and how other 
cognitive systems (e.g., working memory) interact with one’s attention to explain within and 
between-individual performance differences. One of the most basic empirical questions is how 
visual selection occurs.  
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 Broadbent (1958) theorized that location was the basis for visual stimuli being processed 
or being filtered prior to processing. For example, if someone were driving and focused on the 
road ahead, visual stimuli beyond where their visual stream is focused (e.g., a tree on the 
distance) would automatically be filtered, and thus remain unprocessed. Others (Deutsch & 
Deutsch, 1963; Duncan, 1980) theorized that visual selection was processed much later such that 
all visual information is semantically processed and categorized as being pertinent or non-
pertinent before being filtered out or retained. Treisman’s research on attention theory (1960), as 
with auditory attention, proposed that non-target stimuli are “attenuated” rather than being 
filtered out completely. Attenuation theory does address certain limitations of Broadbent’s filter 
theory such as its inability to account for a person being able to hear their own name in an 
unattended audio stream, or a person noticing something in peripheral vision away from a 
focused object. 
 As with most cognitive processes, early theories proved to be overly simplistic, and 
evolved as the scientific process continued to unfold. Pashler’s (1998) meta-analysis revealed 
that unattended visual data are not completely filtered, but, at the same time, not processed in the 
same way as attended stimuli. Posner and colleagues hypothesized that visual attention 
functioned as an “attentional spotlight” whereby objects within a selected location can be 
attended similar to a flashlight in the dark (Posner, Snyder, & Davidson, 1980). Additionally, 
several studies published in the late 1990s indicated that we are able to track location up to four 
or five separate objects simultaneously (Pylyshyn & Storm, 1988; Yantis, 1992), or two separate 
objects across visual (vertically or horizontally) hemispheres (Bichot, Cave, & Pashler, 1999) 
within a general, large beam/stream. Later studies revealed that visual attention is less location-
based, but rather based on objects or events (Kanwisher & Driver, 1992; Simons & Chabris, 
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1999). An example of this is displayed in popular video experiments such as the gorilla walking 
through people passing a ball (Simons, 1999). In the video, participants are asked to count the 
number of times a ball is passed around, with the passers moving around while quickly passing 
around a basketball. During the video, a person in a large gorilla costume walks through the shot, 
yet first-time viewers rarely notice this. Further research did, however, support location and 
object/action-based theories indicating that visual attention focus is object-based, but the objects 
attended are within a broader location-based field or stream/beam of vision (Cave & Bichot, 
1999).  
 As with auditory attention, our eyes, if open, are constantly receiving visual stimuli that 
are sent to our brain and processed to at least a minimal degree. This raises the questions,” Do 
we need attention to see?” and “How does attention affect the images that are perceived?”  The 
way that these questions have been addressed by researchers is to define “seeing” in terms of 
“implicit” and “explicit” (Kihlstrom, Barnhardt, & Tataryn, 1992; Mack & Rock, 1998) seeing, 
where implicit sight refers to anything “seen” that participants are unable to verbalize. An 
example would be priming studies where an image is flashed on the screen too quickly for a 
participant to explicitly recall/verbalize. Implicit priming studies, whether audio or visual, 
showcase the fact that attention can be thought of as being on a spectrum rather than being 
dichotomous. For example, a dichotomous view of attention would be either paying attention, or 
not paying attention to something. Implicit studies (Kirchner & Völker, 2015), change-blindness 
(Simons, 1999), and multi-tasking studies (Yantis, 1992) all show several things: first, that we 
can only “attend” to a limited number of the stimuli perceived visually; second, we are not 
explicitly conscious of everything that we attend to; and third, that within our visual field, we 
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attend to certain objects in greater depth than others. I now move on to a review of auditory 
attention. 
Auditory Attention 
A fundamental assumption relevant to the current study is that attention mediates the 
effects of sound/music on task performance. Any auditory, visual, or tactile stimuli that we 
perceive must be attended to if we are to be consciously aware of the stimuli. The few possible 
exceptions may be extreme stimuli (e.g., extremely loud sounds, bright lights, or extreme 
temperature) that will affect any types of task performance due to the pain they inflict. Even with 
these extreme examples, one could argue that the task performance would still be impacted by 
averting one’s attention away from a primary task. Therefore, I include below a summary of the 
literature on auditory attention prior to moving on to specific examples of how sound and/or 
music affects task performance. 
As with any form of perceptual input, the environment provides an overwhelming 
amount of visual, auditory, tactile, etc. stimuli that humans are incapable of processing in 
entirety. As Archibald and colleagues (2015) report, attention allocation and working memory 
are interdependent cognitive functions for focusing the direction of our limited resources, and for 
refreshing and substituting information in the current focus of attention. The role of attention is 
to identify task relevant information and filter the relevant information from the irrelevant 
information in any given situation. Working memory is the cognitive system that retains what is 
attended in an active and accessible state over a period of time (Hambrick, Kane, & Engle, 
2005). Early theories of auditory attention stemmed from a dichotic listening task developed by 
Cherry (1953) that involved a participant listening with headphones to separate messages being 
played in each ear. During the task, participants were told to attend to one of the messages and 
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ignore the other. Generally, participants were asked to shadow the messages (i.e., repeat the 
messages as they are being played). There were several interesting findings that Cherry reported 
when participants were assessed as to what they were able to recall about both the intended 
message and the ignored message. First, the physical characteristics of the messages was a 
factor; the more similar the voices were (e.g., sound of voice and pace of the message), the more 
difficulty the participants had attending to the intended message. Conversely, when the messages 
were spoken by a different sex, participants were able to recall details of the intended message 
significantly better. Questions remained as to how much of the ignored message participants 
could recall. 
 Second, the physical qualities of the two messages not only had an effect on participants’ 
recall of the intended message, but also on the ignored message. Cherry (1953) reported that 
participants were only able to recall external features of the ignored messages (i.e., sex of the 
speaker), but individual words, the gender of the speaker, or even the language spoken were not 
identified if they were switched during the audio recording of the unintended message. 
Additional studies (Broadbent, 1958; Moray, 1959) supported what Cherry (1953) found, and led 
to Broadbent’s filter theory. Broadbent surmised that auditory attention operates like a filter with 
information entering a sensory store where all the information is stored (not processed) for a 
brief period of time before entering the sensory filter. Broadbent stated that the reason why 
auditory attention/multitasking is limited is because the sensory filter is only able to process a 
single message and very overt physical attributes of additional information from the sensory 
store. Early filter theories assumed that very limited, if any, auditory information is encoded 
other than what is currently relevant/attended to the listener. This was one of the first 
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suppositions invoking the mechanism of a mental process, which was unpopular at the time due 
to the popularity of behaviorism. 
 Over the next several years, several studies revealed significant deficiencies in 
Broadbent’s filter theory. For example, researchers demonstrated that we can attend to more than 
only the overt, physical attributes of an unintended message (Gray & Wedderburn, 1960; Moray, 
1959; Treisman, 1964). Moray (1959) found that almost a third of listeners were able to identify 
their names in the unintended message during a dichotic listening task. According to Broadbent, 
auditory stimuli that is unattended is filtered to the point that only external, physical 
characteristics are encoded, but, as Moray found, this theory appeared to be to be too simplistic. 
Similarly, in Treisman’s study, participants listened to a different message in each ear while 
being told to attend to only one of them. The messages were similar in physical attributes, but the 
subject of each message was different. According to Broadbent’s filter theory, one would not be 
able to tell if the messages were switched (the messages played in the opposite ear) since the 
participants would only have been attending to the content in the target ear. However, this was 
not what Treisman found. Further supporting the idea that more than basic physical features of 
an unattended message can be attended, Treisman had participants complete another dichotic 
listening task where participants were provided the following words in their attended ear—Dear, 
9, Jane—and in the unattended ear they would hear, 9, Aunt, 6. Rather than repeating what was 
heard in the attended message, participants would generally repeat both messages in clustered 
form such as, “Dear Aunt Jane” and “9, 7, 6”.  
An additional series of studies by Corteen (Corteen & Dunn, 1974; Corteen & Wood, 
1972) supported Treisman’s results by showing that peripheral auditory information is processed 
at least on a subconscious level. Corteen paired words with small electric shocks and measured 
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galvanic skin responses from participants during a dichotic listening task whenever the paired 
words were heard in the non-target message. In both studies, participants, even when they 
claimed that they did not, had skin responses when they heard the target words in the non-target 
message, indicating that unintended information is not automatically filtered out prior to being 
processed. These results indicated that two messages can be attended to simultaneously, and this 
shed light on the strategies that our brains use when we code and retrieve auditory information.                                                                                                                                                                                                                                                 
 Thus far, the theories discussed could be categorized as filter theories. Broadbent’s theory 
(1958) assumed that auditory information is filtered at an early stage in the encoding process, 
only permitting very basic, external details through to be processed. Conversely, Moray (1959) 
and Treisman’s (1960) theories indicated that non-target auditory information is processed, at 
least on some level, prior to being filtered out. As with most cognitive processes, later theories 
were more fully able to account for the discrepancies in results.  
 Perceptual load theory (Lavie & Tsal, 1994) was the first theory that provided an 
empirical explanation for why different levels of comprehension and/or filtering are reported for 
non-target auditory stimuli. Lavie (2005) theorized that one’s auditory attentional resources are 
always fully processing incoming stimuli, and our ability to encode non-target information 
depends on the availability of whatever resources are still available. For example, Lavie 
surmised that non-target information may be filtered late in the process, allowing more of the 
message to be encoded, if there are more resources available. On the other hand, Lavie states that 
non-target information is filtered early when there are fewer resources available.  
 Unlike the older auditory attention theories, perceptual load theory has withstood the 
scrutiny of several research studies. In addition to accounting for the results of the previous 
studies mentioned, Chan and Spence (2009) published a study assessing the premise that high 
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and low auditory loads affect non-target filtering differently. Measuring the motion after-effects 
(MAE) in participants, researchers assessed the degree to which non-target messages were 
processed. MAEs are experienced when static sounds are perceived as moving from left to right, 
or vice-versa. This effect can be invoked if, for example, a sound is played moving from left to 
right and then a central/static sound is played soon afterwards—the central sound is perceived as 
moving in the opposite direction of the moving sound. The way that Chan and Spence analyzed 
the MAE effect was by having participants complete low and high-load target tasks (e.g., 
intensity of the words spoken—low load; number of two-syllable words—high load) while a 
background noise moved from either the left-to-right or from the right-to-left. After the non-
target noise, a central noise was played and participants were asked if they could hear the noise, 
and if so, was it directional. Since the strength of the MAE is directly related to the degree to 
which the non-target priming (directional) message is processed (Grantham & Wightman, 1979), 
researchers were able to accurately assess participants’ ability to process non-target audio. 
According to perceptual load theory, low-load conditions should allow more auditory resources 
to attend to the directional message (late filtering). On the other hand, the high-load condition 
would leave fewer resources available for processing the non-target sound which would lead to 
early filtering of the information. Consistent with the theory, participants experienced the MAE 
much stronger under the low-load conditions compared to high-load conditions. Although 
different forms of perception, both auditory and visual attention share many qualities and impact 
one’s cognitive resources in a similar fashion. 
Research supports the assumption that all modalities of perception borrow from the same 
cognitive resources, or, as Salmela and colleagues stated, “Working memory resources are 
shared across sensory modalities” (Salmela et al., 2014, p.11). Results from other studies also 
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support this conclusion (Cowan, 1997, 2011; Seli, Cheyne, Barton, & Smilek, 2012; Salmela, 
Moisala, & Alho, 2014). These findings are relevant to the current dissertation in that they show 
that audio and visual stimuli contribute to attention fatigue. Beyond the general impact of sound, 
it is important to understand the wide range of effects music can have on physiology and 
emotions. 
Music 
In general, loud and fast music has a stimulating effect whereas soft and slow music has a 
relaxing effect (Copeland & Franks, 1991; Edworthy & Waring, 2006). Several researchers have 
assessed the effects of sound on performance, feeling, and physiology (Brodsky, 2002; Furnham 
& Bradley, 1997; Plutchik, 1959, Nelson, 1963, Smith & Mossir, 1977; Tan, Yowler, Super, & 
Fratianne, 2012; Wolfe, 1983) and, more specifically, the effects of individual sound 
characteristics on the same outcomes. Research shows fast-tempo, upbeat music is associated 
with feelings of happiness whereas slow-tempo, sedative music is associated with sadness; these 
studies define happiness as a short-term emotional state that can be altered quite easily. Thayer 
Gaston (1951) was one of the first scholars to examine the characteristics of musical pieces that 
produced a psychophysiological response. Gaston found that quiet music with sustained melodic 
lines, with little or no percussion, and with repetitive, simple rhythms provided a relaxing effect. 
Williams (1961) found that students with high test anxiety performed worse on a quantitative 
exercise while listening to popular music than they did while listening to classical music. 
In addition to impacting physiology, music impacts attention in varying ways depending 
on the task and type of music. Driving performance is an area well researched in terms of 
musical effects. An Australian researcher assessed the effects of high and low intensity music on 
driving performance-related tasks (Beh, 1999). Using a driving simulator computer program with 
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a brake and accelerator pedal, participants completed low and high demand tasks while listening 
to the different types of music. They reported three interesting and important findings: First, 
under low-stress tasks (simple tracking and red-light response times), music had no effect on 
performance. Second, listening to low-intensity music significantly improved performance over 
time compared to the no-music and high-intensity music conditions on the high-stress tasks 
(tracking multiple inputs, multitasking). Third, high intensity music was the most detrimental to 
performance on the high-stress tasks.  
Educational performance is also impacted by listening to music. Smith and Morris (1976) 
took a closer look at the benefits of listening to music. While taking a course exam, the effects of 
five types of music (i.e., classical, jazz, country, easy, or rock and roll) on participants’ mood, 
level of anxiety, concentration, and confidence were assessed. As predicted, they found that 
more stimulating music increased worry and interfered with concentration. Moreover, test scores 
of participants who listened to the more stimulating music were lower than those who listened to 
more sedating music. More recently, Perham and Currie (2014) examined the effects of different 
types of background music on reading comprehension. They compared preferred lyrical music, 
disliked lyrical music, slow-tempo classical music, and no music conditions while performing a 
reading comprehension task that involved reading several passages of text and answering 
multiple choice items after each section. The researchers found that performance was 
significantly worse for the preferred and non-preferred lyrical conditions; the non-lyrical and no 
music conditions performed equally well on the task.  
In summary, it is important to note that, with few exceptions, most positive effects and 
non-deleterious effects were experienced when listening to classical music, as classical music 
can maintain arousal while preventing significant levels of distraction (Borling, 1981; Duffy, 
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1957; Purham & Currie, 2014). This summary also establishes that visual and auditory stimuli, 
whether music or sound in general, is an everyday experience, requires attention to be processed, 
and contributes to attentional fatigue. ART clarifies how utilized and fatigued attention can be 
restored. 
Attention Restoration Theory (ART) 
Kaplan developed ART based on two foundational premises: First, humans have a natural 
preference for living around and interacting with nature over more urban areas, which is tied to 
humans’ evolutionary development. Second, interactions with natural environments produce 
cognitive benefits above and beyond those gained through interactions with non-natural 
environments (Kaplan, 1979; Kaplan, 1983; Kaplan, 1987; Kaplan & Kaplan, 1978; Kaplan & 
Kaplan, 1979; Kaplan, Kaplan, & Wendt, 1972). The first premise is supported by the finding 
that even city dwellers prefer natural environments (Berg, Hartig, & Staats, 2007). In general, 
landscapes with savannah-type trees and non-turbulent water are especially eye-pleasing (Falk & 
Balling, 2010). The same pattern is true with respect to artwork as landscape paintings and 
photographs are rated more pleasurable than abstract paintings or other artwork (Eisen, Ulrich, 
Shepley, Varni, & Sherman, 2008). In fact, no one knows exactly why humans are inclined 
towards these types of images and/or locations, but it may be due to an inherent biophilic 
preference for natural settings likely gained through mankind’s evolutionary tie to our 
environment developed over centuries spent living in and depending upon nature for survival. 
This evolutionary explanation may account for the general preference for photographs and 
paintings that incorporate lush greenery and locations with water, as these environments would 
certainly support locations conducive to sustaining life (e.g., water, trees, foliage) as opposed to 
less sustaining environments (e.g., deserts, the arctic). Tomb paintings dating back more than 
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2000 years show ancient Egyptians with plants and other greenery in their homes (Manaker, 
1996), and this evolutionary tie also explains why we continue to bring plants, photographs, and 
paintings of nature into our homes and offices, and why millions of dollars are spent constructing 
parks, planting trees, grass, and shrubbery on vocational and educational campuses.  
ART’s second foundational premise, that interactions with natural environments produce 
cognitive benefits above and beyond those gained through interactions with non-natural 
environments, is supported by evidence showing benefits from interactions with nature ranging 
from active engagement such as running or hiking (Berman et al. 2008; Bodin & Hartig, 2003; 
Cimprich & Ronis, 2003; Hartig, Mang, & Evans, 1991), to more passive interactions such as 
sitting outside or viewing nature through a window (Kuo, 2001; Ottosson & Grahn, 2005; Rich, 
2008; Taylor, Kuo, & Sullivan, 2002; Tennessen & Cimprich, 1995), to indirect interactions such 
as viewing photographs or computer images (Berman et al., 2008; Berto, 2005; Chen, Lai, & 
Wu, 2011; Laumann, Gärling, & Stormark, 2003). ART indicates that when one interacts with 
nature, or other fascinating stimuli, involuntary attention is invoked, thereby giving one’s 
directed attention an opportunity to replenish (Kaplan, 1995). In other words, encounters with 
nature allow one’s taxed attentional resources to replenish much faster than engaging in other 
activities that require continued use of directed attention such as watching television, 
communicating with a friend, or even something as simple as exposure to non-natural 
environments. Although not definitive proof, research shows that spending time in nature 
reduces self-rumination and reduces pre-frontal cortex activity compared with spending time in 
urban environments (Bratman, Hamilton, Hahn, Daily, & Gross, 2015), which does support the 
theoretical claims of ART. This proposition is more relevant than ever with more than half of the 
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world’s population living in urban areas where lifestyles require increased attentional resources 
and offer fewer opportunities to interact with nature (Kaplan & Berman, 2010).  
Importantly, having access to non-urban environments does not guarantee a restorative 
environment. Not all natural environments are “restorative,” as some may be perceived as 
dangerous (Herzog & Kutzli, 2002; Van den Berg & Heijne, 2005). Conversely, some urban 
environments (e.g., museums, monasteries, etc.) can offer restorative qualities (Kaplan, 
Bardwell, & Slakter, 1993; Oullette, Kaplan, & Kaplan, 2005), but these effects may be achieved 
because these urban environments often incorporate elements of nature in their design (e.g., 
greenspace, flowing water, artwork featuring natural environments). Additionally, it is important 
to point out that even though going for a walk in a park may offer fewer distractions than a walk 
through a busy city, the absence of distractions is only a part of the mechanism on which ART is 
based, and certainly would not account for nature being more restorative than sitting in a quiet 
library or other “control” conditions.  
Further clarifying restorative environments, Kaplan (1995, pp.174) theorized that to reap 
restorative cognitive benefits, a natural interaction/environment must contain the following four 
characteristics:  
• Being away, at least in principle, frees one from mental activity that requires directed 
attention support to keep going. 
• The environment must have extent. It must, in other words, be rich enough and coherent 
enough so that it constitutes a whole other world. 
• The setting should invoke a “soft” fascination (i.e., offer fascinating objects such as trees, 
streams, etc. that hold attention but in an undramatic fashion). 
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•  There should be compatibility between the environment and one’s purposes and inclinations. 
In other words, the setting must fit what one is trying to do and what one would like to do. 
ART has prompted several studies investigating the effects that exposure to nature can 
produce. As with most research, early studies were more exploratory and became more refined in 
methodology as the theory is developed. I next review several of these studies, starting with a 
few of the earlier studies and then move toward those later studies that utilized more rigorous 
designs. 
Non-Experimental Studies 
As with most early research, several studies utilized causal comparative and other non-
experimental designs due to the samples available and/or other restrictions that prevented a true 
experimental design. One early study (Ulrich 1984) examined patient recovery time after 
receiving a cholecystectomy. Ulrich compared the recovery time of 46 patients from a suburban 
hospital who were assigned (by the hospital) to a room with either a view of a brick wall or a 
view of deciduous trees. Ulrich reported that patients with the nature view had shorter 
postoperative hospital stays, had fewer negative evaluative comments regarding their nurses, had 
fewer postsurgical complications, and requested fewer medium or strong analgesic doses 
compared to patients with the wall view. Other studies provided similar evidence that views of, 
or exposure to, nature may contribute to reduced behavioral infractions and improved mental 
states of prisoners (Moore, 1981; West, 1986).  
Hartig, Mang, and Evans (1991) examined the cognitive and physiological benefits of 
vacationing in natural environments compared to non-natural settings. The researchers 
administered pre-and post-measures of happiness and cognitive restoration to three groups of 
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individuals: those who went on a nature hike, those who took non-nature vacations, and those 
who did not go on a vacation. Those who went on nature hikes had significantly improved 
happiness and cognitive restoration scores compared to those in the other two groups. Happiness 
scores were measured with the Overall Happiness Scale (OHS; Campbell, Converse, & Rodgers, 
1976) and cognitive restoration scores were measured with a proof reading task (PRT). Although 
their study provided evidence that interactions with nature can be beneficial, the study was 
causal-comparative as it neither utilized random sampling nor random assignment. In general, 
causal-comparative designs are limiting as they do not take preexisting group differences into 
account (participants self-selected the vacation they took in the mentioned study) and such pre-
existing group differences could explain the significant effects observed.  
Tennessen and Cimprich (1995) looked at the effects of different types of window views 
on educational outcomes. College undergraduates in dorms participated in their study, and their 
views were categorized as being all natural, mostly natural, mostly built, or all built. Participants 
completed cognitive (i.e., Digit Span Forward and Backward, Symbol Digit Modalities Test, 
Necker Cube Pattern Control) and subjective tasks. The researchers reported that the students 
with more natural dormitory views scored significantly better on the Symbol Digit Modalities 
Test and the Necker Cube Pattern Control test. In addition, participants with more nature views 
rated their attentional functioning better than those with less natural views. This study, however, 
relates only loosely to ART since there was no measure of attention fatigue and ART does not 
attempt to explain differences in attentional abilities in general.  
A more recent and similar study looked at the effects of nature views in educational 
settings (Benfield, Rainbolt, Bell, & Donovan, 2016). The study setting was similar to Ulrich’s 
study (1984) as the college students in a writing course were in a classroom with a view of either 
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greenery or a concrete retaining wall. All course materials, curriculum, and assignments were 
synchronized across course sections, but there was no manipulation of any kind as the students 
self-selected the course and the section in which they enrolled. Students completed a 
questionnaire at the beginning and end of the semester assessing their satisfaction with the course 
as well as their end of course grade. The researchers reported that students with a nature view 
rated the course curriculum more favorably, and their final grades were significantly higher than 
those of students with a retaining wall view. Again, these results must be interpreted with caution 
given the absence of random assignment or sampling, but they do further support the idea that 
simple interactions with nature may provide valuable benefits across many domains. I next 
review research that was conducted in a more rigorous manner with respect to research design.  
Experimental Studies   
In 2005, Rita Berto conducted a multi-experiment study on ART. In her first study, she 
found that participants randomly assigned to view photographs of nature landscapes performed 
significantly faster on an attention-focusing task after being cognitively fatigued compared to 
participants who viewed photographs of urban environments. In her second study, Berto included 
a condition that allowed participants to control how long they viewed each of the 25 
photographs. Berto again found that those who viewed nature photographs performed 
significantly better on the attention- refocusing task than those in the urban condition. 
Interestingly, allowing participants to control how long they viewed each photograph had no 
effect on scores, even though participants in that condition viewed the photographs, on average, 
twice as long as those participants who could not control viewing length. 
Berman, Jonides and Kaplan (2008) advanced earlier research by providing participants 
with a more direct interaction with nature. Berman and colleagues examined the direct and 
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indirect effects of interacting with nature on working memory. In their first study, participants 
completed a cognitively-fatiguing backwards digit-span task and then took either a nature walk 
or a walk through the city. They then performed the digit-span task once again to measure the 
effect the walk had on performance. This procedure was then repeated with participants walking 
in the opposite environment. The researchers found that both groups significantly improved the 
number of digits they could recall correctly after the nature walk compared to the urban walk. In 
their second study, the nature walks were substituted with photographs of nature or urban 
environments, similar to Berto’s (2005) study. Berman and colleagues used two tasks to measure 
cognitive performance: the backwards digit-span task (DSB) and the Attention Network Test 
(ANT) (Fan, et al., 2002). The ANT involves identifying the direction of a central arrow given 
within a set of congruent (all arrows point the same direction) or incongruent (arrows point in 
different directions) arrows. The ANT measures three different attentional functions: alerting, 
orienting, and executive attention through the use of different timed cues that alert the participant 
as to where and when the arrows will appear. The researchers again found that backwards digit-
span scores significantly improved for those who viewed the nature photographs compared with 
those who viewed the urban environment photographs. Results from the ANT showed that 
executive attention task scores significantly improved only after viewing nature photographs. 
Howard, Gamble, and Gamble conducted a similar study in 2014 that replicated Berman 
and colleagues’ design (2008) and additionally added a group of older individuals (aged 64-79 
years) as well as a group of college-aged participants to assess whether the effects of ART 
differed by age. The researchers found an overall significant effect for intervention condition; the 
executive control portion of the ANT was significantly improved after viewing nature 
photographs compared to those who viewed urban photographs. Additionally, the pre- to post-
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intervention differences did not appear on the alerting or orienting scales, as was reported by 
Berman and colleagues. 
The sole experimental study exploring the possible benefits of ART for children with 
ADHD was conducted by Taylor and Kuo (2009).  This study took a similar approach to Berman 
and colleagues’ (2008) study design by having school-age children complete a 20-minute walk in 
a park setting, a rural city area, or a rural neighborhood area.  All participants completed a series 
of puzzles to induce attention fatigue and then went on a walk in one of the areas and completed 
a backwards digit-span task. A week later, the same procedure was followed except participants 
took the walk in a different location. The researchers found that performance was significantly 
better after walking in nature than in the more urban environments. Although not a measure of 
the children’s behavior or sustained attention, these results show the need for future research in 
this area.  
The most recent study reviewed provides evidence of the impact of auditory stimuli on 
attention restoration. Zhang, Kang, and Kang (2017) published a field experiment in which a 
group of participants were taken to an urban natural setting (park) within a city in China. 
Participants were given a 50 minute “reasoning” test meant to induce mental/attention fatigue 
followed by an attention level test. Participants then were taken to one of three separate areas in 
the park which offered similar visual stimuli but differed in the soundscape: one group had 
typical park sounds, one group was in a similar area but was subjected to artificial traffic noises, 
one group was in a similar area but was subjected to artificial mowing sounds, and the final 
group completed the tasks with no park exposure and only a five minute break between pre/post 
tasks (control). The control period was utilized to establish a practice effect to adjust pre and 
post-performance in the experimental groups. After 40 minutes in each condition, participants 
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again completed the attention level test to compare pre and post-intervention performance. The 
authors reported that those who experienced the mowing and traffic sounds demonstrated 
significantly worse pre- to post-performance compared to those who heard mainly park noises. 
Table 1 below summarizes, in chronological order, some of the main findings and effect 
sizes (when available) of pertinent studies related to ART that include attentional outcome 
measures: 
  
 
 
Table 1 
Summary of Prominent ART Studies with Accompanying Effect Sizes 
STUDY PREFERENCE 
VARIABLE 
IVS DVS OUTCOME EFFECT SIZE 
HARTIG, MANG, 
& EVANS, 1991 
Membership in 
conservation orgs, current 
residence, backpacking 
experience, current mood 
40 min walk in park, 
urban area, or rest in a 
chair 
ZIPERS, Stroop task, 
OHS (mood), blood 
pressure, heart-rate 
Taking a nature walk feel more 
restored, happier, and made 
fewer proof-reading errors than 
those on an urban walk or 
resting in a chair 
Overall 
happiness rating 
between nature 
walk and urban 
walk 
d = .52 
TENNESSEN & 
CIMPRICH, 1995 
None Type of college dorm-
room views (all 
natural, mostly natural, 
mostly built, all built) 
Digit-Span Forward, 
Digit-Span Backward, 
Symbol-Digit 
Modalities Test, 
Necker Cube Pattern 
Control 
Students with mostly and all-
natural views scored better than 
non-nature views on the 
Symbol-Digit Modalities Test 
and Necker Cube Pattern 
Control Test 
Symbol-Digit 
Modalities Test d 
= .64 
Necker Cube 
Pattern Control 
d = .88 
HERZOG, 
BLACK, 
FOUNTAINE, & 
KNOTTS, 1997  
None 16 photographs of 
various environments 
ranging in natural 
qualities 
Rating two goal 
scenarios on their 
restorative qualities 
More natural environments were 
rated as being potentially more 
restorative for both cognitive 
recovery and for problem 
solving reflection 
Attention 
recovery-  
d = 2.7 
  
 
 
34 
 
STUDY PREFERENCE 
VARIABLE 
IVS DVS OUTCOME EFFECT SIZE 
BODIN & HARTIG, 
2003 
Need for restoration 
scale 
Running through 
nature vs urban 
environment 
Digit-span, Symbol 
Digits Modalities 
Test, PRS 
Only preferences 
were significant 
NA 
STARK, 2003 Participant mood Participants agreed 
to spend 120 
minutes per week in 
restorative activities 
or they did not 
(control group) 
Forward and 
Backwards Digit-
Span Tests,  
Trailmaking tests, 
Category Matching 
task 
No significant 
findings were found 
on any of the tasks 
except for the 
number of errors 
committed by those 
in the experimental 
group- this was a 
measure of total 
errors across all 
tasks 
N/A 
BERTO, 2005 None Urban vs Nature 
photographs 
PRS and SART After attentional 
fatigue, viewing 
photographs of 
nature perform better 
on an attention 
focusing task than 
those who view 
urban photographs 
 
Reaction time 
comparison between 
urban and nature 
photo groups on the 
SART    d = .77 
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STUDY PREFERENCE 
VARIABLE 
IVS DVS OUTCOME EFFECT SIZE 
BERTO, 2007 3 items from the 
PRS assess 
familiarity and 
preference for 
photographed 
environments 
Age PRS ratings on 
photographs 
People of all ages 
(teen – older adults) 
rate nature as being 
more restorative than 
other environments 
PSR rating nature vs. 
urban-  
d = 1.93 
BERMAN, 
JONIDES, & 
KAPLAN, 2008 
PANAS mood task Urban and nature 
walks; urban and 
nature photographs 
Backwards digit-
span, ANT 
Taking a walk in 
nature or viewing 
photographs of 
natural environments 
restores attention 
and working 
memory more so 
than viewing 
photographs of 
urban environments  
Backwards digit-
span nature vs. urban 
walk 
d = .77 
Executive Attention 
(SART) 
d = 2.49 
FELSTEN, 2009 Whether students 
attended the urban or 
rural university 
campus 
Type of study 
session photograph: 
no view, window 
view of nature, view 
of land mural, view 
of water mural 
Perceived 
Restorativeness 
Scale (PRS) 
Participants rated 
views of nature as 
being more 
restorative than non-
views, or views 
lacking nature. 
Views that 
incorporated water 
were perceived as 
the most restorative 
Perceived 
Restorativeness 
Scale (PRS) 
η2p = 0.64 
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STUDY PREFERENCE 
VARIABLE 
IVS DVS OUTCOME EFFECT SIZE 
TAYLOR & KUO, 
2009 
None Nature Walk vs 
Urban 
Backwards digit-
span 
After walking in a 
park, ADHD 
children scored 
better on DSB 
compared to walking 
in an urban city or 
urban neighborhood 
DSB 
d = .52, .77 
(city, neighborhood) 
KJELLGREN & 
BUHRKALL, 2010 
Depression scale 
ensuring all 
participants suffered 
from burnout/stress 
Simulated vs natural 
(only photos) 
environments 
Blood pressure, 
stress, syllogism 
task, 
Viewing nature 
photographs does 
not produce the same 
degree of 
restorativeness and 
arousal than 
interactions with 
actual natural 
settings 
Higher “altered 
states of 
consciousness” after 
interactions with 
non-simulated 
condition 
η2p = 0.28; no effect 
on stress reduction 
(pulse, blood 
pressure) 
TAYLOR & KUO, 
2011 
None Descriptive Study ADHD symptoms 
instrument 
Children who 
typically play in 
“green” areas have 
lower levels of 
ADHD  
ADHD symptoms 
between open field 
play and indoor play 
d = .50 
EMFIELD & 
NEIDER, 2014 
Basic demographic 
survey with question 
about where 
participants had 
lived 
Nature vs Urban 
photographs X 
Nature sounds/no 
Nature sounds 
PANAS 
Backwards Digit 
Span 
ANT 
Functional Field of 
View 
No sig. condition 
effects other than 
rating the nature 
photographs and 
sounds more 
relaxing than urban 
photographs and 
sounds 
ANT Interaction 
(Time X Condition 
η2p = 0.02) 
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STUDY PREFERENCE 
VARIABLE 
IVs DVs OUTCOME EFFECT SIZE 
GAMBLE, 
HOWARD, & 
HOWARD, 2014 
None Participants age, 
nature photos/urban 
photos 
PANAS, ANT, 
Backwards Digit 
Span  
Older individuals (> 
65) and college-age 
individuals did 
significantly better 
pre to post on the 
executive attention 
portion of ANT 
ANT executive 
attention task for 
older adults pre-post 
nature d = 1.14, and 
younger adults (d = 
.88 
BRATMAN, 
HAMILTON, 
HAHN, DAILY, & 
GROSS, 2015 
None Walk through nature 
or urban 
environment 
Self-reported 
rumination, and 
subgenual prefrontal 
cortex activity 
Interactions with 
nature decrease self-
reported rumination 
and neural activity in 
the subgenual 
prefrontal cortex. 
Walks in urban do 
not. 
Rumination- η2p = 
0.09 
 
PFC activity- 
η2p = 0.45 
LEE, WILLIAMS, 
SARGENT, 
WILLIAMS, & 
JOHNSON, 2015 
None Rooftop with 
flowers vs. rooftop 
view with only 
cement 
SART, PRS Even interactions 
with nature for less 
than 1 minute can 
significantly 
improve sustained 
attention, and 
decrease moment-to-
moment variability 
Moment-to-moment 
variability between 
groups 
d = .39 
Sustained attention 
estimates 
d = .43 
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STUDY PREFERENCE 
VARIABLE 
IVS DVS OUTCOME EFFECT SIZE 
ZHANG, KANG, & 
KANG, 2017 
None Park with mostly 
nature sounds vs. 
park with machine 
(mowers) sounds vs. 
park with 
transportation 
sounds 
Attention Level test Better performance 
was found in the 
group that 
experienced mostly 
nature sounds 
compared to 
machine and 
transportation 
sounds 
η2p = 0.13 
 
  
 
 
Three main points emerge from this table. First, although this table makes clear that there 
have been a wide variety of outcomes in the literature, very few studies have employed real-
world, educational tasks. Second, across attentional measures, effect sizes range from very small 
and insignificant effects (Emfield & Neider, 2014, η2p = 0.02) to very strong effect sizes 
(Berman, Jonides, & Kaplan, 2008, d= 2.49; Gamble, Howard, & Howard, 2015, d = 1.14; 
Herzong, Fountaine, Black, & Knotts, 1997, d = 2.7 ), and several study results on attentional 
measures fell within a medium to medium-high effect size classification (Lee et al., 2015, d = .43; 
Berman, Jonides, & Kaplan, 2008, d= .77; Berto, 2005, d = .77). Third, several of the studies 
were unable to replicate previously established findings (Bodin & Hartig, 2003; Stark, 2003; 
Emfield & Neider, 2014). These inconsistent findings provided the impetus for the current study 
that investigates whether there may be individual difference variables that mediate or moderate 
the effects of ART.  
Meta-Analyses 
 Meta-analyses are important in determining overall and generalized effects due to their 
ability to statistically summarize effects reported across numerous studies. To date, there have 
been two meta-analyses published in an effort to quantify the effects that interactions with nature 
have on attentional measures (Bowler, Buyung-Ali, Knight, & Pullin, 2010; Ohly, White, 
Wheeler, Bethel, Ukoumunne, Nikolaou, & Garside, 2016). Bowler and colleagues (2010) 
published the first meta-analysis on the effects of nature and found an overall significant effect 
on attentional outcomes (pooled effect size- Hedges’ g = .32). Besides attention, the authors 
included emotional (i.e., anger, tranquility, and fatigue), and physiological (i.e., anxiety, energy, 
and blood pressure) outcomes in their analysis. The main weakness with this meta-analysis, 
however, is the number of studies included to assess each outcome. For example, they included 
 
 
40 
 
only five studies that dealt with attentional measures as outcomes, and for three of the five 
studies that reported baseline data (they do not specifically state which three studies) they found 
that the overall effect became non-significant when adjusting for baseline scores (Hedges g = 
.23). Even more limiting in this meta-analysis was that two of the five attention-related studies 
(Faber, Kuo, & Sullivan, 2001; Kuo & Taylor, 2004) focused on ADHD diagnosed children and 
relied on subjective outcome assessments (e.g., parental estimates of their children’s ability to 
concentrate). Moreover, several studies were severely underpowered (Bodin & Hartig, 2003; 
Faber & Kuo, 2009) or targeted non-general populations (e.g., focused on children with ADHD, 
physically fit backpackers, or regular runners) (Faber & Kuo, 2001; Bodin & Hartig, 2003). 
Bowler and colleagues recommended several areas for future research including controlling for 
participants’ past experiences, social context, and gender.  
  Whereas Bowler and colleagues’ (2010) meta-analysis focused on a broad range of 
outcomes that were impacted by interactions with nature, a more recent meta-analysis focused 
specifically on attention-related outcomes. Ohly and colleagues (2016) provide the most 
comprehensive review to date of the strengths and weaknesses of the evidence for ART and 
restorative environments. There are several reasons this meta-analysis is preferred over the 
previous publication by Bowler and colleagues (2010) with the main reason being the number of 
studies included with objective, attention-based outcomes. Ohly and colleagues reviewed 24 
studies with objective, attentional outcomes 20 of which utilized random assignment of 
participants to condition. Besides having four-times the number of studies as in the earlier meta-
analysis, Ohly and colleagues’ systematic review shed light on the specific types of outcomes 
sensitive to attention restoration effects using actual (e.g., walks, sitting in a park) and virtual 
exposure (i.e, photographs) to nature. Ohly and colleagues reviewed the effectiveness of nature-
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related interventions on the Digit-Span Task (DSB, DSF), Proof-Reading Task (PRT), Trail-
Making Task (TMTA, TMTB), Symbol Substitution Test (SST), Symbol Digit Modalities Test 
(SDMT), Sustained Attention to Response Task (SART), Search and Memory Task (SMT), and 
Necker Cube Pattern Control (NCPC). When analyzing the effects across reported studies, the 
researchers found that only the Digit-Span tasks and Proof Reading Task successfully 
differentiated performance between nature intervention and control groups. It is important to 
note, however, that Ohly and colleagues claimed they did not have enough data to sufficiently 
pool and assess the Attention Network Test (ANT). 
Looking more closely at the outcomes proven to be sensitive to the effects of nature 
interventions, the Digit-Span Backwards (DSB) and Digit-Span Forward (DSF) both involve 
participants being presented a series of numbers that are repeated immediately back to the tester; 
the series increases by a digit until the participant makes an error on at least two attempts on a 
specific length number series. Ohly and colleagues’ (2016) meta-analysis reported that 
participants exposed to natural environments performed better than those in control groups on 
the DSF (Cimprich & Ronis, 2003; Stark, 2003; Tennessen & Cimprich, 1995), and seven 
studies showed similar results for the DSB (Berman, Jonides, & Kaplan, 2008; Cimprich & 
Ronis, 2003; Kuo, 2001; Stark, 2003; Taylor & Kuo, 2009; Tennessen & Cimprich, 1995).  
To date, only a single article with two studies utilized and reported scores for The Proof 
Reading Task (PRT) as an outcome measure. (Hartig, Mang, & Evans, 1991). In the PRT, 
participants are provided a 5-page passage of text and given 10 minutes to find misspellings, 
typographical and grammatical errors; the total score is the percent of errors identified from the 
total present at whichever point in the text the participant reaches in 10 minutes.  Along with the 
DSB and DSF, the PRT has been shown to be a sensitive to nature-related interventions. Ohly 
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and colleagues pointed out that only two studies (Hartig et al., 2003; Wu et al., 2008) assessed 
attention before, during, and after the nature intervention, and they recommended that more 
studies do this to determine whether nature exposure offers additional benefits that may only be 
only experienced at the time of exposure. Although I agree that any outcome that is shown to be 
affected after an interaction with nature must have been affected during the exposure to some 
degree, assessing whether directed attention can be restored during, rather than after, an exposure 
to nature is very difficult. For example, ART shows that fatigued attention is restored during 
natural interactions due to the inherent fascination and/or indirect attention invoked; thus, if a 
participant is provided a task to complete that requires directed attention while interacting with 
nature, then you would be negating the purpose of utilizing nature in the first place.  
Neither the meta-analysis by Bowler et al. (2010) nor Ohly et al. (2016) included any 
mention of moderating or mediating variables in their analyses or discussion that could account 
for some of the inconsistencies in the published ART literature. The question, again, then, is why 
some researchers find significant results and others do not. For this reason, it is important to 
discuss some of the largest limitations to the literature on the effects of nature on attention 
restoration.  
ART Replication Failures    
 Although the effects of ART are well documented across different samples and measures, 
there are several examples of researchers failing to replicate previously reported findings. 
Emfield and Neider (2014) attempted to replicate Berman and colleagues’ (2008) study that 
found that participants who walked through nature, as well as participants who viewed 
photographs of nature, performed significantly better on attentional tasks compared to those who 
took a walk through an urban environment or viewed photographs of urban environments. 
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Participants were assigned to one of seven conditions (i.e., nature photographs, urban 
photographs, nature sounds, urban sounds, nature both, urban both, and control) and then 
administered the Digit-Span Backwards (DSB) task, the Attention Network Test (ANT), and the 
Functional Field of View (FFOV) task prior to and after viewing photographs of nature or urban 
environments. Contrary to previous findings, they failed to find any significant effects on any 
outcome measures. One potential reason that Emfield and Neider’s study failed in their 
replication attempt was that they limited their achieved power by employing a one within- by 
one between-subjects mixed model design rather than the repeated measures crossover design 
employed by Berman and colleagues. With the design employed, and assuming a low to medium 
effect size (f = .17), Emfield and Neider would have needed 52 participants per group— almost 
twice the number of participants that participated to achieve the desired power of .80 (according 
to G*Power v.3.0.10).  
Another replication study failing to find support for ART was conducted by Perkins and 
colleagues (2011). In this study, the researchers asked participants to complete a series of 
cognitive measures assessing attention, concentration, working memory before and after taking a 
walk on a wooded trail, in a residential neighborhood, or in a parking lot. Contrary to 
expectation, they found no significant differences on any of the tasks as a function of 
experimental condition. The authors pointed out that one explanation for the null findings was 
that the experiment took place on a cold winter day which limited the amount of green space, 
sunshine, and possibly comfort. As they mentioned, it is likely that a winter environment may 
have lacked the compatibility (i.e., the environment must match the interests/goals of the person 
seeking attention restoration) Kaplan (1995) stated that is one of the four qualities that contribute 
to an environment providing restorative qualities.  
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 Lastly, Gamble, Howard, & Howard (2014), as described earlier, did report significant 
differences between participants who viewed nature photographs compared to those who viewed 
urban photographs for performance on the ANT, but failed to find significance group differences 
on the Digit-Span Backwards task (DSB). The authors did not discuss why they failed to find 
significant differences, but it seems logical that the ANT may be a more sensitive instrument 
since it involves many repeated trials whereas the DSB allows participants to make two errors on 
a digit-span sequence.  
Limitations in Previous Literature 
Designing a study to extend previous research requires one to identify strengths and 
weaknesses, or limitations, in previous research. In this section, I discuss a few of the 
weaknesses in previous literature in addition to areas where ART needs continued exploration. 
Attributing changes in directed attention to interactions with nature requires several variables to 
be controlled. First, in order to assess recovered attention, participants must already be 
cognitively fatigued, or one must induce cognitive fatigue. Second, the assessment must take 
place immediately following the interaction with nature. For example, assessing cognitive 
fatigue and then invoking attentional recovery by taking a walk or viewing photographs is 
pointless if the participant goes home and starts studying for a test, working, or engaging in other 
fatiguing activity before completing the outcome measures. At the same time, one must ensure 
that participants assigned to a control or non-restorative condition do not interact with nature. 
Third, some previous studies have contained methodological shortcuts that limit the 
interpretations that can be drawn from their findings. For example, one study conducted by 
Felsten (2009) examined whether it would be beneficial for students to take study breaks in areas 
where they would have visual access to nature. Participants rated areas that had views of nature 
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as being more restorative than areas without views of nature. One weakness of this study was 
that participants were to imagine themselves as being in a state of mental fatigue rather than 
inducing mental fatigue. Another weakness was that participants rated the nature settings as 
being more restorative, but there were no objective measures to support their self-ratings.  
 Felsten (2009) conducted a study to assess the restorative effects of taking a study break 
on several campus-accessible locations. Felsten did find that participants reported views of 
nature more restorative than library, or other non-natural views. The limitation of this study, as 
previously mentioned, is that participants were not actually fatigued or assessed cognitively; 
rather, they were told to imagine themselves cognitively fatigued and then asked to self-rate how 
restorative they perceived each environment. Although this does offer evidence of the utility of 
ART, these results need to be replicated with an experimentally-designed study in order to claim 
that taking a break with a view of nature is more restorative than taking a break in other 
environments. 
Another study that exemplifies several of the weaknesses described above was conducted 
by Stark in 2003. Stark explored the effects of interactions with nature on a sample of pregnant 
women in their second and third trimester. Several outcome measures were utilized, including 
the Forward and Backwards Digit-Span tasks (DSF; DSB), and a trail making task (Lezak, 
1995). Stark had participants complete the cognitive measures, and then agree to spend a certain 
amount of time interacting with nature (e.g., taking a walk in a park, gardening) or an alternate 
activity (control group). Participants reported back anywhere from 13 to 64 days depending on 
when they entered the 36th-37th week of gestation, and then completed the outcome measures for 
a second time. Not surprisingly, non-significant results were found between groups; this likely 
stemmed from failing to control for variables that could have affected directed attention 
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recovery, such as having nature views at home, listening to distracting music or being involved 
in a serious conversation while spending time “interacting” with nature.   
Another example of the limitations of published ART literature is a study by Hartig, 
Mang, and Evans (1991). Intended as exploratory, the first of their two studies assessed 
participants before and after self-selected vacations that were either wilderness- related, non-
wilderness related, or a control (no vacation). This causal-comparative study showed that 
participants who spent their vacations in wilderness settings performed significantly better on a 
proof-reading task following their return than did participants in the other two groups. There 
were several limitations to the study, the most glaring of which was that the time-by-group 
interaction was only marginally significant at α < .09, which forced the authors to collapse the 
non-wilderness and control groups to achieve traditional statistical significance, α < .05. 
Additionally, the researchers reported that participants were reassessed within “hours” of 
returning from their vacation; this gap in time could certainly act as an extraneous variable that 
was not controlled. 
The second study in Hartig and colleagues’ (1991) article was more tightly designed with 
random assignment across conditions with participants either taking a nature walk, urban walk, 
or being provided with a comfortable chair, radio, and magazines. This study failed to find 
significant differences on physiological measures (i.e., blood pressure and heart-rate), but did 
find significance on the proof-reading task, where those exposed to nature identified significantly 
more errors than those in the other two groups. The only limitation to this study was that Hartig 
and colleagues did not report baseline scores for any of the pre-test measures.  
The final limitation of the published literature on ART is the focus on the visual input 
from nature interactions while neglecting the effects of auditory stimuli (i.e., nature sounds) on 
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attention restoration. Apart from two studies (Emfield & Neider, 2014; Zhang, Kang, & Kang, 
2017) that found contradictory results, researchers have yet to investigate the role played by 
nature sounds alone or in conjunction with the typically-utilized nature photographs. Of 
particular interest is the question of whether nature photographs accompanied by nature sounds 
yields an additive effect on attention restoration. Experimental studies that require participants 
outside of a controlled environment, such as a laboratory, become more challenging as it can be 
more difficult to control extraneous variables. Prior to Berto’s study in 2005, researchers had not 
utilized photographs of nature to assess attention restoration, but Berto, and others since (e.g., 
Berman and colleagues, 2008, etc.), show that attention restoration is possible to facilitate 
relatively quickly and without having to bring participants outside the confines of a controlled 
environment. Despite these advantages, utilizing only photographs of nature reduces one’s 
interaction to only visual stimuli—which is only part of the olfactory, auditory, and tactile 
stimuli that one may encounter when physically present in nature.  
Although limited, a few studies provide evidence that indicate nature sounds may play a 
significant part in the process of nature-based attention restoration. Ratcliff and colleagues 
(2013) found that participants who listened to bird songs rated them as being very restorative, 
and, in general, the addition of research on virtual reality/virtual environments documents the 
importance of appropriate sounds to create more life-like environments (Serafin & Serafin, 2004; 
Sanders & Cairns, 2010). Although the researchers did not assess attention or working memory, 
one recent study by Swedish researchers examined the effects of nature-based sounds (N-BS) on 
stress-recovery (Annerstedt et al., 2013). The researchers induced stress by having participants 
prepare a speech, and then required participants to give mock presentations to a virtual audience 
before completing a backwards counting task. Heart rate, respiration, cortisol, and other 
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empirically-validated stress measures were taken before, during, and after the exercise. 
Participants were then exposed to one of three recovery conditions: a virtual forest with forest 
sounds, a virtual forest without sounds, or a control condition without forest or sounds. Citing 
research by Ulrich (1979) and Stephen and Rachel Kaplan (1989) showing that interactions with 
nature may have both cognitive and physiological benefits, the researchers wanted to assess 
whether the extent of true, physical interactions with nature could be approximated virtually. 
They found that only the condition with both the visual and auditory stimuli promoted stress 
reduction more than the control condition; the current study was similarly designed, in part, to 
assess whether adding sounds to nature photographs facilitates attention recovery.  
In summary, the auditory portion of nature interactions should theoretically aid in 
attention restoration by promoting extent, which Kaplan (1995) states is an integral characteristic 
for restorative environments. Kaplan defined extent as being “rich enough and coherent enough 
so that it constitutes a whole other world” (p. 173). Emfield and Neither (2014) published the 
only study to date that attempted to assess the additive effects of combining nature sounds with 
nature photographs on attention restoration but found no additive effects. The impact of nature 
sounds thus remains to be further explored, and this was one of the main purposes of the current 
study. 
Attention Restoration Theory Summary 
There have been a wide range of studies on ART, albeit varying greatly in terms of 
quality of research design and methodology. Importantly, other than investigating age and 
whether participants live/lived in urban or rural areas, no studies to date have explored how 
individual differences might interact with nature interventions to moderate ART. Thus far, 
researchers assume that the benefits of interacting with nature on attention restoration will hold 
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across age, gender, or race. One particularly relevant individual difference that researchers have 
yet to explore is the possible impact of biophilia on ART. Although several researchers have 
attempted to control for individuals’ preference and/or history living in rural or urban areas 
(Felston, 2009; Emfield & Neider, 2014), these studies have been few and far between and did 
not attempt to tap into individual preferences for natural environments. Although humans have 
spent a relatively short time living in urban/made-made environments, how do we know that 
some people have not lost a portion of the evolutionary-based preference for nature?  By 
assessing biophilic attitudes, it may be possible to determine if ART is a more effective means 
for restoring fatigued directed attention for those with greater biophilic preferences. This 
question seems especially relevant given the recent interest in biophilia (Letourneau, 2017, 
personal communication).  
Grinde & Patil, 2009, having reviewed some of the ART literature made the claim that 
the ability of nature to impact attentional recovery is validation of the biophilia hypothesis (that 
humans have a natural urge to interact with nature). I disagree and think that just because 
interactions with nature help restore fatigued attention, or further, that humans find nature more 
pleasing to be in or to view than urban environments does not validate the assumption that 
humans are drawn to affiliate with nature. Whereas some researchers have used the Perceived 
Restorativeness Scale (PRS) or have included questions related to participants’ previous living 
environments (i.e., urban vs. rural areas), or how often they spend time in nature, these 
instruments and questions only indirectly assess biophilic preferences and experiences. The 
Preference Variable column in Table 1 shows the limited attempts at assessing individual 
difference variables. Some of these may be related, in some degree, to biophilic attitudes or 
preferences, but researchers have yet to experimentally investigate possible moderating variables 
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within the ART framework. For example, the PRS assesses one’s perceived level of cognitive 
restoration, but perceptions of restoration are different than attitudes towards biophilia. Further, 
asking participants whether they lived in urban or rural environments is a very superficial 
measurement because people can move around and live in various types of environments, or they 
can live in urban or rural environments but have a strong dislike for where they live. To 
understand more about the subject of biophilia, it is necessary to review the topic in more depth. 
Biophilia 
Although first coined by German-born psychoanalyst Erich Fromm who stated that 
biophilia is a general passion for life and all that is alive, biologist Edward Wilson (1984) 
defined biophilia as the innate tendency for humans to connect and/or desire to connect with 
other forms of life. Wilson (1993) proposed that biophilic attitudes developed over the centuries 
as humans evolved and relied on a close relationship with their natural surroundings, and that 
these attitudes have yet to be “eradicated” even as humans have become more and more distant 
from the environment in which they evolved. As Gullone states, 
Evolutionary accounts indicate that, for the most part of two million years, 
human beings lived on the savannas of East Africa, a landscape characterized by 
specific features. Certain of these features are those that today many of us find 
aesthetically appealing and are undoubtedly the same as those that enhanced the 
survival of our species (Gullone, 2000, p.293). 
Research studies seem to support that most humans, when given a choice, prefer natural 
scenery to made-made (Heerwagen & Orians, 1986; Felsten, 2009). Wilson (1993) later 
expanded on his original definition by explaining that biophilia is more complex than a single 
 
 
51 
 
instinct drawing humans towards natural interaction; rather, the phenomenon can be thought of 
as a complex set of learning rules that influence the way in which we respond (e.g., awe, 
indifference, attraction, aversion) to natural stimuli. As society has evolved and industrialized, 
humans’ dependency on nature has changed, and it is plausible that the interactions with 
urbanization, electronics, and other modern conveniences have weakened the once strong 
biophilic ties between humans and nature. Exploring this relationship poses difficulties similar to 
those found with ART. The biophilia hypothesis makes assumptions that are difficult to 
experimentally evaluate; specifically, analyzing biological mechanisms thought to develop over 
centuries presents a unique challenge.  
Although the research published related to ART has utilized walks through and/or 
photographs of nature, biophilia encompasses attitudes over a broad category including all that is 
living. Kellert and Wilson (1995) suggest that our biophilic attitudes are innate and developed 
evolutionarily, but concede that there is wide variation in these attitudes from person to person; 
one person may have a restorative experience walking through a forest while another may have 
the opposite experience if they fear animals or insects. Grinde and Patil (2009) similarly claim 
that biophilic traits/preferences are reinforced or subdued by individual experiences; this 
assumption makes it even more important to assess biophilic attitudes in a systematic manner as 
it is virtually impossible to control for one’s previous individual experiences that could impact 
biophilic attitudes.  
 Several studies attempting to support the biophilia hypothesis cite work by Stephen and 
Rachel Kaplan, who, among others, have been the main researchers who popularized ART. For 
example, Grinde and Patil (2009), writing about the biophilia hypothesis, reviewed the evidence 
supporting humans’ tie to nature stating, “the idea that interacting with Nature can offer positive 
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effects on health and well-being seems to be reasonably well substantiated. Thus, the biophilia 
hypothesis has merit” (p.2338). These authors cited several statistics related to the prevalence of 
pet owners and zoo attendance, but the bulk of the actual research discussed in the article focuses 
on the benefits of interacting with natural settings rather than animal-life.  
 Another example of the focus on natural environments in the research on biophilia is seen 
in an article by Gullone (2000) who examined the implications of the continual decrease in 
natural environments as urbanization increases on psychological and physiological human 
health. Gullone stated, “The significance of biophilia has profound implications. According to 
this hypothesis, given our species’ long history as subsistence hunters, gatherers, and farmers, it 
is inconceivable that the natural environment has not shaped our cognitive and emotional 
apparatus” (Gullone, 2000, p. 295). Gullone cited work by Stephen and Rachel Kaplan, among 
others, as evidence of the innate draw to interact with the natural environment (the biophilia 
hypothesis), but there has yet to be any direct outcomes assessed that can be attributed to one’s 
biophilic attitudes. 
Stephen R. Kellert (1980, 1983, 1985, 1996, and 2005) and Lawrence E. Letourneau 
(2013) are two individuals who developed and validated instruments measuring comprehensive 
biophilic attitudes. As Letourneau (2013) noted, Kellert published articles from 1974 to 2005 
related to the identification and assessment of biophilic attitudes. The instrument Kellert 
developed, Typology of Biophilic Attitudes or Typology of Biophilic Attitudes, consisted of up to 
10 components, but there are 8 components that appeared consistently across his publications 
(see Table 2 below). 
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Table 2 
Kellert’s Typology of Biophilic Attitudes/Values  
Attitude/Value Description 
Naturalism  Nature is a venue for exploration and first-hand discovery. 
Humanism  Nature provides emotional satisfaction. 
Moralism  Nature is inherently valuable and should be preserved. 
Dominionism  Nature is meant for humans to control. 
Utilitarianism  Nature is a reservoir of material resources for humans. 
Negativism  Nature is dirty, dangerous, and/or scary. 
Ecologism  Nature is a fascinating system of interrelated processes. 
Scientism  Nature is an object worthy of empirical study. 
  
 As can be seen in the typology in Table 2, the eight components cover a wide range of 
attitudes that one may have towards the natural world. It is acknowledged that not all of the eight 
attitudes assessed may be related to the impact of nature interactions on attention restoration; for 
example, scientism may not be as useful as a moderator as humanism.  Kellert validated versions 
of his biophilic instrument several times and across various samples including children (Kellert, 
1985, 2000), residents of Connecticut (2005), and randomly selected residents from across the 
nation (1974).  
 Letourneau (2013) pointed out two main limitations to Kellert’s work. First, there is a 
lack of validation data utilizing confirmatory factor analysis (CFA) or other advanced statistical 
procedures commonly utilized to validate instruments. The second limitation Letourneau 
reported was the focus of Kellert’s biophilic instrument on animals. Although animals make up a 
large portion of biophilia, plant-life and other non-mammals are certainly a significant part of the 
“other forms of life” that Wilson (1984) mentioned when he defined biophilia. As noted earlier, 
examination of the major studies published on ART (see Table 1) indicate that none have 
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directly assessed biophilic-related attitudes. Some ask limited questions such as whether 
participants live in urban or rural environments (Emfield & Neider, 2014; Hartig, Mang, & 
Evans, 1991), whether participants prefer preference for urban and rural photographs (Berto, 
2007), what  type (urban or rural) college campus they attend (Felsten, 2009), and what types of 
recreational activities participants prefer (Hartig, Mang, & Evans, 1991). The preference 
measures were collected mainly to ensure successful random group assignment rather than to 
assess their effects (i.e., moderation, mediation) on ART. Assessing whether biophilic 
attitudes/preferences moderate   the effects of ART is important because it may help explain 
some of the contradictory findings in recently published research. 
Measuring Attention Restoration and Biophilic Attitudes 
  The design for the proposed study is outlined in the next section, but this section 
provides a brief rationale for the instruments that were selected for use in the current study. More 
than a dozen instruments have been used in previous studies investigating ART. The current 
study utilizes the Attention-Network Test (ANT), a Proof-Reading task (PRT) and the Perceived 
Restorativeness Scale (PRS) as outcomes. The advantage of utilizing these three instruments is 
that they assess differences in basic cognitive processes (directed attention (ANT), an 
educationally-relevant as well as real-world task (PRT), and an affective outcome (rating of 
potential attention restoration) (PRS). The Digit-Span backwards task (DSB) will be utilized as 
an attention-fatiguing task, as it has been used in several studies that found significant 
differences in directed attention following interactions with nature (Taylor & Kuo, 2009; Berman 
et al., 2008), as restoration can only occur after resources are fatigued. Further, a meta-analysis 
(Ohly et al., 2016) concluded that the DSB demanded a higher degree of working memory and 
executive function than the Digit-Span Forward task (DSF). 
 
 
55 
 
 Biophilic attitudes will be assessed with the simplified version of Kellert’s (1976) 7-
factor Biophilic Attitudes Inventory (BAI) developed and validated by Letourneau in 2013. 
Letourneau’s model consists of 4 factors (Curiosity, Morality, Necessity, and Security). After 
careful examination of the model, only the Curiosity scale will be utilized in the current study as 
this scale and the items contained therein assess overall attitudes about spending time in and 
appreciation for nature compared to the other scales that focus more on animal or insect life. The 
main reason this version of the BAI was selected is because it is the only validated instrument to 
date developed to assess biophilic attitudes, and because the 4-factor version was shown by 
Letourneau to be more  parsimonious and statistically sound (see specific details in the 
Instruments section) than the 7-factor version (referring to Table 2, this version collapsed 
Ecologism and Scientism into one factor), or Kellert’s simplified 2-factor version (1976). 
Key Issues Remaining 
 In summary, the review of the literature has established several key findings, but has also 
highlighted the also the following unresolved issues:   
1. Attention Restoration Theory (ART) simply states that interacting with nature facilitates 
the restoration of fatigued, directed attention. Although there are many benefits one can 
receive through spending time outdoors (e.g., learning about the world, reducing stress, 
facilitating exercise, or simply getting a dose of vitamin D), it is important to note that 
ART deals only with directed attention. Thus, any study that fails to induce attentional 
fatigue prior to having participants interact with nature is not truly evidence of ART 
because, according to theory, interacting with nature would not have an impact on an 
attention-demanding task if one has yet to be cognitively fatigued. To date, research has 
documented that interactions with nature, even viewing photographs of nature, facilitate 
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the restoration of fatigued directed attention significantly more so than interaction with 
urban or non-natural environments, but this effect is still questioned due to several failed 
replication studies. 
2. The effect of interactions with nature on attention restoration has been demonstrated via 
visual interventions such as viewing photographs, but thus far only a single study has 
assessed the impact of auditory stimuli in conjunction with nature photographs on 
attention restoration (Emfield & Neider, 2014). Emfield and Neider (2014) hypothesized 
that adding nature sounds to nature photographs should improve attention restoration as 
the experience would more closely resemble an actual presence in nature. Their 
hypothesis was also consistent with Kaplan’s (1995) claims that an interaction must offer 
the feeling of being away and having extent (e.g., it must be rich and coherent enough to 
constitute another world), both of which would likely be increased by adding nature 
sounds to an intervention involving only nature photographs. Surprisingly, however, 
Emfield and Nieder reported no significant effects on attention restoration from 
interacting with nature photographs, sounds, or both. The current study posited that 
biophilic attitudes would help explain why several attempts to replicate ART findings 
have been unsuccessful. Specifically, I investigated whether one’s biophilic attitudes 
would have a moderating effect on the impact interactions with nature have on attention 
restoration. 
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Chapter 3: Methodology 
Design 
 This study employed a one categorical variable (condition) by one continuous variable 
(BAI scores) between-subjects design with three major dependent variables (ANT, PRT, PRS). 
The levels of the categorical variable were as follows: nature photos & nature sounds, nature 
photos & classical music, nature photos, classical music, and urban photos/negative control. 
Participants 
To calculate an appropriate number of participants in the study, a medium effect size was 
assumed even though some studies have found large effect sizes in ART experiments. By being 
conservative, sample power was present to detect large and medium effect sizes whereas if I 
utilized the sample size needed for a large effect size and had fail to achieve this, I would have 
committed a Type II error.  Prior studies have reported effect sizes ranging from medium to large 
on cognitive and/or attentional measures (Lee, Williams, Sargent, Williams, & Johnson, 2015; 
Herzog, Black, Fountaine, & Knotts, 1997; Berman, Jonides, & Kaplan, 2008; Berto, 2005). 
According to the program G*Power (version 3.0.10), to achieve adequate power, .80, with a 
medium effect size (f = .15) at least 68 participants would be needed in total. To be conservative, 
I recruited 250 MTurk participants and 200 university students to complete the study so that 
there were a total of 450 students in total who participated. Across the 5 conditions, there were 
90 participants in each of the assigned conditions 
 Participants included undergraduate and graduate students enrolled in educational 
psychology courses at the University of Nevada, Las Vegas and Amazon MTurk workers. 
Criteria for participation were that participants had to be between the ages of 18 to 60 and free 
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from uncorrected vision or hearing impairments. MTurk participants were additionally required 
to possess a college degree. These criteria for participation and a description of the study 1were 
posted on MTurk and the UNLV online research participation portal where participants viewed 
and enrolled in the study. MTurk participants received $5 for successful participation whereas 
UNLV participants received one hour of research credit.   
Instruments  
The instruments used in the study are described below in the order in which they were 
completed.  
Compatibility Task 
 I designed the compatibility task to assess whether participants preferred the beach with 
greenery series of photographs, which was utilized to provide attention restoration, more than 
other common types of scenery (i.e., deserts, forests, or mountains). Participants were presented 
with the following instructions and with photographs that represented each scene:  
Imagine that you work for a company that offers a virtual relaxation room to use 
when you feel mentally exhausted. The room features a reclining chair with a 
projector and speakers. You can choose to spend your break in one of the 
following virtual environments—a beach, desert, forest, or mountain. You can 
change the environment anytime you want, but do not have to. If you have 30 
minutes, how many minutes would you spend in each environment? (Time must 
total 30 minutes). 
                                                          
1 Although the study was composed of a survey in Qualtrics, I refer to the survey and the data captured therein as 
a study.  
 
 
59 
 
Following this, participants were required to assign the allotted 30 minutes in any way they 
wished.  
The Biophilic Attitudes Inventory (BAI) (Letourneau, 2013)  
The BAI was originally created by Kellert (1976) and recently updated by Letourneau 
(2013) to assess participants’ biophilic attitudes. Letourneau’s version of the BAI consists of 23 
items distributed across four factors—Curiosity, Morality, Necessity, and Security. Confirmatory 
factor analysis (CFA) revealed that the four-factor model produced the most statistically-sound 
solution compared to Kellert’s seven-factor original, or his simplified two-factor model (Kellert, 
1976). Cronbach’s alpha for the Curiosity, Morality, Necessity, and Security were .87, .78, .44, 
and .585, respectively. In the current study, the following Cronbach’s alpha values were found: 
.87 (Curiosity), .83 (Morality), .48 (Necessity), .83 (Security). In the current study, I utilized 
only the Curiosity scale of the four-factor BAI version (see Table 3), as my intention was to 
assess participants’ biophilic preferences as they relate to spending time in and appreciating 
viewing/being in natural environments. The items in the three other BAI scales dealt more with 
animal and insect-life and how we should treat wildlife rather than with the environment as a 
whole. Coincidentally, the Curiosity scale also has the highest internal consistency values.  
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Table 3 
BAI-Curiosity scale (Letourneau, 2013) 
Factor Indicators 
Curiosity • I like to go where animals live in the wild. 
(A hybrid of 
Naturalism  
• I like learning about the parts of plants and animals. 
and 
Ecologism/ 
• I like learning the names of plants and animals. 
Scientism) • I like learning about how animals and plants help one another 
survive. 
 • I like the sounds that animals make. 
 • I think insects are fascinating. 
 • I like watching nature shows on television. 
 • I like learning about how animals behave in the wild. 
 • I like to swim in lakes, rivers, and oceans. 
 
The PANAS (Watson, Clark, & Tellegen, 1988).  
The PANAS is a 20-item instrument that has been utilized in several research studies 
related to ART (Berman, Jonides, & Kaplan, 2008; Emfield & Neider, 2014; Gamble, Howard, 
& Howard, 2014) to assess participants’ current moods. The instrument is scored on a 5-point 
Likert scale ranging from 1 (very slightly/not at all) to 5 (extremely). Participants are presented 
with positive (e.g., excited) and negative (e.g., sad) words and are instructed to provide a rating 
coinciding with their current mood that ultimately provides an overall score for both positive and 
negative affect ranging from 10-50. In this experiment, the PANAS was utilized as a control 
measure to take into consideration participants’ moods prior to engaging in the cognitive 
assessments and intervention. In the current study, Cronbach’s alpha values were .89 for both the 
PANAS Positive and Negative scales. 
Backwards/Forwards Digit-Span Task (DSB; DSF)  
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Digit-span tasks are utilized in many of the ART studies due to the ease of 
implementation and obvious requirement of one’s attention (Hilbert, Nakagawa, Puci, & 
Buehner, 2015), this task consists of a series of digits, typically three to nine digits in length, that 
can be presented in text or audio format to participants who are then asked to repeat, or enter, the 
sequence in reverse order (DSB) or in the traditional left-to-right order (DSF). In the current 
study, the Digit-Span task was utilized to induce cognitive fatigue. Participants completed the 
trials in survey format where the digits were presented for approximately 3 seconds before 
disappearing and being replaced with a prompt for the numbers in either forward or backwards 
order. There were six trials for each of the three through nine-digit sets resulting in 42 total trials 
(21 forwards and 21 backwards). 
Nature and Urban Photographs 
Nature photographs were chosen to closely resemble those used by previous researchers 
(Berto, 2005; Berman et al., 2008). I chose photographs of actual places by conducting image 
searches on the internet. I decided on 30 urban and 30 nature photographs that were deemed to 
be “pure” to represent each environment. (See Figures 1 and 2 for examples of the photographs 
used). I use the term “pure” in the sense that none of the photographs were a blend of urban and 
nature environments (e.g., a few buildings with mountains and a sunset in the background). I 
chose photographs of nature that featured beaches with greenery, as these environments are 
easily paired with nature sounds and are consistent with many activities that involve “getting 
away,” as this is a requirement of a restorative environment (Kaplan, 1995). Additionally, 
previous research shows that water and greenery are perceived as being more restorative 
environments than other natural scenes (Purcel, Peron, & Berto, 2001; Herzog, Maguirem, & 
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Nebel, 2003; Felsten, 2009; White, Smith, Humphryes, Pahl, Snelling, & Depledge, 2010). For 
examples of the photographs, please see Figure 1 below. 
   
 
Figure 1. An example of nature and urban photographs utilized in the study. 
Nature Sounds   
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The nature sounds paired with photographs in the combined condition were selected to be 
as consistent as possible with the scenes.  Specifically, the ocean sounds chosen could be 
experienced in any of the photographs seen in the slideshow. Consistent with Emfield and 
Neider’s (2014) design, the sounds were chosen to add immersive features to each environment 
rather than detract, and thus were free from loud birds, people speaking, or other disruptive 
noises. The following sound file was utilized: 
• Ocean Sounds (Emerald Island Relaxation, 2013) 
Classical Music 
 Employed in this study as a control for auditory effects, the classical baroque music 
consisted of Pachelbel’s “Canon in D Major” (Pachelbel, 1653-1706/1970) looped to account for 
the 10-minute slideshow. 
This classical piece was included in a list of music recommended by experts in music 
therapy for facilitating relaxation and stress due to their soft, rhythmic characteristics (Tan, 
Yowler, Super, & Fratianne, 2012). They are also well known and would be a consistent with a 
music choice one might listen to if attempting to restore fatigued attention. As with the nature 
sounds, both pieces were free from loud, thunderous sounds and dramatic changes in tempo. The 
audio file used in this study is available for YouTube creators in their royalty free library of 
audio files. 
The Attention Network Task (ANT) (Fan, McCandliss, Sommer, Raz, & Posner, 2002).  
 Fan and colleagues (2002) promote the ANT as a valid and useful diagnostic tool that can 
be administered relatively quickly (30 minutes) and is simple enough to be completed by 
younger children. The strength of the ANT is that it is able to link the ART term, directed 
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attention, to the more common term, executive control (Baddeley, 1995), used in cognitive 
psychology. For ART to be taken seriously among mainstream attentional researchers, it is 
important for ART-specific terms, such as directed attention, to be linked to previously identified 
and well-established cognitive constructs. An advantage of utilizing the ANT is that it is based 
on a well-developed neural network model of the human attention system (Fan et al., 2002; 
Posner & Peterson, 1990, as cited in Weaver, Bédard, McAuliffe, & Parkkari, 2008) and 
supported by studies featuring functional magnetic resonance imaging (fMRI) and event-related 
potentials (ERP) (Corbetta, Kincade, Ollinger, McAvoy, & Shulman, 2000; Fan et al., 2005; 
Nauhaus, Koehler, Opgen-Rhein, Urbanek, & Dettling, 2007; Rueda, McCandliss, Saccomanno, 
& Posner, 2005).  
 The ANT has been utilized in dozens of neurological studies as an assessment of 
attention in studies focused on genetic inheritability (Fan, Wu, Fossella, & Posner, 2001), brain 
imaging (Clemens et al., 2013), older and younger age comparisons (Noh & Isaacowitz, 2011), 
and to detect cognitive impairment and psychopathy (Beck, Heusinger, Boecker, Niemann, & 
Gauggel, 2004; Breckenridge, Braddick, & Atkinson, 2013; Forns et al., 2014; Jongen, Perrier, 
Vuurman, Ramaekers, & Vermeeren, 2015; Murray, 2012; Sobin et al., 2004). Berman and 
colleagues (2008) published the only study to date utilizing the ANT to assess outcomes related 
to ART. In their study, participants’ performance on the ANT showed significant pre- to-post-
improvements after exposure to natural environments (Berman, Jonides, & Kaplan, 2008). As 
Berman and colleagues mentioned, improvement on only the executive portion of the ANT helps 
validate the assumption that interactions with nature affect directed attention only, rather than 
improve motivation or mood that would likely cause an increase on all three attentional 
components of the ANT.  
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The ANT instrument differentiates between alerting, orienting, and executive attentional 
functions. Completed via computer, two types of cues—spatial and temporal—are presented on 
the screen and participants respond by pressing the left or right mouse button. During the task, 
spatial cues are used to indicate the orientation or location of an upcoming target stimulus while 
temporal cues indicate approximately when the target will appear. Target stimuli are arrows 
pointed either left or right with two flanking arrows on each side of the target that can be 
congruent (i.e., point the same direction of the target), incongruent (i.e., point in opposite 
directions of the target), or neutral (i.e., flashing dashes). The scores for the each of the measures 
are calculated as follows: Alerting, defined as achieving and maintaining alertness, is calculated 
by subtracting one’s average reaction time (RT) during the temporally informative (i.e., trials 
with alerting cue flashing prior to the target appearing) from the average RT during temporally 
uninformative trials. Orienting, defined as shifting attention from one location or object to 
another in order to attend to incoming stimuli, is calculated by subtracting the average RT score 
during the spatially informative trials (i.e., trials where spatial arrows indicate the target location 
prior to it appearing) from the RT average during spatially uninformative central cue condition 
trials. Finally, Executive Control, defined as the process of attending to and resolving response 
conflicts, is calculated by subtracting the average RT during the congruent flanker trials (i.e., 
trials where directional cues indicate the correct direction of the appearing target) from the 
average RT during the incongruent flanker trials. The ANT has been shown to be reliable with a 
test-retest correlation of .87 for the reaction-time scores and .77 (Fan et al., 2002) for the 
executive control network (the scale of interest in the current study). The ANT can be found at 
the Sackler Institute website https://www.sacklerinstitute.org/cornell/assays_and_tools/). In the 
current study, participants navigated to the website, downloaded the ANT, and completed it. 
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After completion, participants entered the output scores that the program provided—Alerting 
Effect, Orienting Effect, Conflict Effect, Mean RT for Correct Trials, and Mean Accuracy (%)2.  
Proof Reading Task (PRT) (Hartig, Mang, & Evans, 1991—adapted from Glass & Singer, 1972) 
The PRT presents participants with a 5-page selection of text with misspellings, 
grammatical errors, and typographical errors. Participants are told to make as many corrections 
as they can within 10 minutes without skipping any of the text. Task performance is scored at the 
end of 10 minutes by calculating a percentage from the total number of errors identified from the 
total number of available errors at the point in the text that was reached at the end of the 10 
minutes. The current study incorporated the identical task utilized in Hartig and colleagues 
(1991); the text selection is taken from an urban sociology text, The City: Urban Communities 
and Their Problems, by Alan Berger (1978). The current author gained permission to use this 
version of the PRT, and was provided with the materials (i.e., text selection, answer key, 
instructions) to ensure participants in the current study were assessed identically to the way 
participants were assessed in the 1991 study.  
The Perceived Restorativeness Scale (PRS) (Hartig, Korpela, Evans, & Gärling, 1997). 
The PRS is a 16-item instrument designed to assess the four restorative constructs (being 
away-2 items, fascination-5 items, extent/coherence-4 items, compatibility-5 items) identified by 
Kaplan (1995) as necessary for an environment/setting to be restorative. The PRS is assessed on 
a 7-point Likert scale ranging from 0 (Not At All) to 6 (Completely) based on one’s perception of 
a single, or series, of environments. Previous research showed high reliability with Cronbach’s 
alphas of .75 or greater (Hartig et al., 1997), to .81 (Bodin & Hartig, 2003) indicating a high 
                                                          
2 The Mean RT for Correct Trials and the Mean Accuracy % were not used for analyses but were utilized to assist 
the author with score validation (i.e., scores over 100 or negative scores for the % item). 
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degree of internal consistency. The current study revealed a high degree of internal reliability 
with a Cronbach alpha of .96 across all items. 
Demographic Survey 
The demographic items were placed at the end of the Qualtrics survey. Participants were 
asked to provide the traditional demographic data (e.g., age, sex, race) as well as items related to 
their preference for living in and recreating in nature, and whether they like and/or listen to 
classical music. (See Appendix H for Demographic survey items.)  
Procedure 
MTurk Sample 
Participants signed up to complete the study through Amazon’s Mechanical Turk 
(MTurk) website (https://www.mturk.com/mturk/welcome) where the study was advertised. 
Potential participants could view the name of the study, a description of what they would be 
doing, how long the task would take, the requirements to successfully complete the study, and 
the compensation for successful completion. MTurk contained a link to Qualtrics, which 
contained the study. Scores, along with timing data (i.e., how long each page took to complete) 
were collected in Qualtrics.  
There were ten versions of the study corresponding to the five conditions (nature photos 
& nature sounds, nature photos & classical music, nature photos, classical music, and negative 
control-urban photos) with the ANT and PRT dependent variables being counterbalanced, hence 
10 conditions. Each of the 10 conditions was created as a survey within Qualtrics, and those were 
presented in MTurk with the same description so that participants could not differentiate between 
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conditions prior to completing them. Unique MTurk IDs were required for each survey so that 
participants were only able to complete one of the conditions.  
All conditions were activated in MTurk simultaneously allowing participants to sign up, 
read instructions, and then complete the study. Each condition was opened to the first 25 
individuals who signed up. Although the study was designed to be completed in under 60 
minutes, participants were instructed that the study would automatically submit 75 minutes after 
starting and that they would need to complete the study to receive the full monetary reward (fee 
plus bonus payment). Upon beginning the survey, participants were provided with an electronic 
copy of the informed consent form to which they had to either agree or disagree by clicking a 
checkbox; only by clicking agree could they proceed with the study. Participants first completed 
the compatibility task and Biophilic Attitudes inventory (BAI). It took no more than 10 minutes 
to complete the consent form and the two tasks. Following this, participants completed the 
Positive and Negative Affect Scale (PANAS) to assess their mood prior to attention-fatiguing 
tasks. To attentionally fatigue participants, they completed the digit-span tasks six times each 
(around 15-20 minutes of fatiguing—as has been done by previous researchers (Emfield & 
Neider, 2015; Lee, Williams, Sargent, Williams, & Johnson, 2015; Berto, 2005). The PANAS 
and digit-span tasks took approximately 20-25 minutes to complete.  
Participants then moved on to the intervention portion of the study. Participants spent 10 
minutes either listening to nature sounds while viewing nature photos, viewing nature photos 
only, viewing nature photos while listening to classical music, listening to classical music only, 
or viewing urban photographs only. To ensure participant engagement, during the slideshow 
there were three numbers that participants were instructed to write down that flashed on the 
screen for three seconds at approximately the 1-minute, 5-minute, and 9-minute marks during the 
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10-minute slideshow. Following the slideshow, a prompt required participants to enter the three 
digits from the slideshow. After the intervention, participants completed the Perceived 
Restorativeness Scale (PRS) and then the PANAS a second time. Participants then completed the 
Attention Networking Test (ANT) followed by the proof-reading task (PRT), or the PRT 
followed by the ANT, depending upon their counterbalanced condition.  
After completing the dependent variables, assessments, participants completed the 
demographic questionnaire and then were directed to a completion screen where they were 
provided with a completion code to enter into MTurk and told that if the study was completed 
they would receive $2.50 and then an additional $2.50 bonus payment if all directions were 
followed (i.e., 3-digits identified from the slideshow, ANT and PRT completed successfully). All 
successful participants were paid within 36 hours of study completion.  
UNLV Sample 
After data collection was completed for the MTurk sample, this study was offered to 
UNLV students to complete for research participation credits which are required for certain 
undergraduate and graduate courses within the Department of Educational Psychology and 
Higher Education. This was done for two reasons, the first of which was to gain a larger sample 
size, and, second, to validate the quality of the MTurk data since this was the author’s first use of 
MTurk, and a significant portion of study completers who completed through MTurk were from 
India. Although the study was advertised in English, I wanted to ensure that the results for the 
sample were consistent with that obtained from a sample of university students. 
UNLV students followed the same procedure as the MTurk participants with the 
following exceptions: First, UNLV participants viewed the study through the University’s 
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research portal in which studies are posted for students to complete to satisfy research credits. 
Second, UNLV students who viewed the study and were interested in participating were 
instructed to email the researcher to receive a link to the study. This step ensured that the 
participants could be assigned equitably to the 10 study conditions. There was concern that if the 
10 links were presented to the participants and they could self-choose—the only other way 
available to present the links—that the likelihood of equitable completion would be low since 
there was no way to ensure that enough participants would sign up for the study as occurred with 
the MTurk sample. Third, UNLV students were provided with research credit for completing the 
study rather than monetary compensation. All portions of the study and the order in which they 
were completed were identical between MTurk and UNLV samples. 
 
 
 
Figure 2. Study overview 
 
 
Chapter 4: Results 
Participants 
 In total, 450 (250 MTurk and 200 UNLV) individuals signed up to complete the study 
and 420 completed the study (220 MTurk and 200 UNLV). Participants were assigned to 
conditions equitably with 25 MTurk and 20 UNLV participants assigned across each of the 10 
conditions.  After data screening, described below, 184 cases (MTurk sample only) were utilized 
to analyze the research questions.   
Data Screening 
To screen the data, I began by verifying that all cases met the following criteria: 
• All parts of the study were completed and at least one of the two main DVs (ANT, 
PRT) in addition to the PRS was completed. (This is explained further in the limitations 
section). 
• The study was completed and submitted within the provided timeframe (90 minutes) 
to ensure no long breaks were taken. 
• At least two of the three numbers presented during the slideshows were identified. 
• No univariate or multivariate outliers were present. 
 After deleting cases that did not meet the stated criteria, there were 242 valid cases 
remaining (184 MTurk, 58 UNLV)3. I then further examined the data and realized that there 
were no UNLV cases containing valid scores on the Attention Networking Test (ANT). After 
consulting with my dissertation committee and receiving their consent, and for the sake of 
                                                          
3 For the MTurk sample, there were 16 cases deleted due to not identifying 2 of 3 slideshow numbers, 5 due to 
exceeding the timeframe, and 15 who did not complete at least 1 of the DVs 
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clarity, I present below the analyses utilizing only the data from the MTurk sample. (Analyses 
were also conducted utilizing the combined MTurk and UNLV cases and are presented in 
Appendix H.)  After deciding to utilize only the MTurk participants, the data were again checked 
for univariate and multivariate outliers and there were no significant violations with the 
standardized scores (univariate outliers) as they were all less than three points from the mean, or 
with the Mahalinobis distances (multivariate outliers).  
Assumption Testing for Analyses by Dependent Variable 
 For all hierarchical regression models, Mahalinobis distances were checked, as 
mentioned previously, as well as the Durban-Watson statistic to verify that values were between 
1.5 and 2.0, as this is an indication of the absence of autocorrelation within residual values. 
Below, Figures 3-7 show the residual and scatter plots for each dependent variable confirming 
that there were no gross violations of normality or homoscedasticity. Following the data cleaning 
and assumption testing procedures, the final data utilized for hypothesis testing follows in Table 
4. 
  
Figure 3. Normality and homoscedasticity for model predicting ANT-Alerting 
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Figure 4. Normality and homoscedasticity for model predicting ANT-Orienting 
 
  
Figure 5. Normality and homoscedasticity for model predicting ANT Executive Control 
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Figure 6. Normality and homoscedasticity for model predicting Proof Reading Task (PRT) 
 
  
Figure 7. Normality and homoscedasticity for model predicting Perceived Restorativeness Scale 
(PRS) 
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Table 4 
Demographic Variables for MTurk Participants 
Variable N M SD % 
Age 184 30.36 7.14 - 
Ethnicity     
Asian or Pacific Islander 91   50% 
White/Caucasian 70   38% 
Hispanic or Latino 5   3% 
Black or African American 8   4% 
American Indian 5   3% 
Other 5   3% 
% Male 96 - - 52% 
% with 4-year Degree or higher 178 - - 97% 
% with graduate Degree or higher 62 - - 34% 
% who reported “often” spending time in nature 68 - - 37% 
% who reported “sometimes” spending time in nature 111 - - 60% 
% who reported “never” spending time in nature 5 - - 3% 
PANAS Positive* 184 35.34 9.34 - 
PANAS Negative* 184 17.85 9.78 - 
Country of Residence     
USA 95 - - 51% 
India 84 - - 46% 
Canada 1 - - .5% 
Macedonia 1 - - .5% 
Philippines 1 - - .5% 
Singapore 1 - - .5% 
United Arab Emirates 1 - - .5% 
Employment     
Employed 170   92% 
Unemployed 5   3% 
Student 3   2% 
Homemaker 6   3% 
* PANAS Positive and Negative scores can range from 10 to 50 
 I next investigated whether the counterbalanced order of administration of the ANT and 
PRT variables resulted in significant differences on the dependent variables. Recall that each of 
the five conditions was counterbalanced so that roughly half of the participants completed the 
Attention Networking Test (ANT) followed by the Proof Reading Task (PRT) with the other half 
completing them in the opposite order.  
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A series of 5  Condition X 2 Order (ANT, PRT vs. PRT, ANT) ANOVAs  yielded no 
significant effects for the order factor on any of the ANT scales or on the PRT:  ANT Alerting, 
F(9, 131) = 1.00, p > .05; ANT Orienting, F(9, 131) = .88, p > .05; ANT Executive, F(9, 131) = 
1.33, p > .05; and  PRT, F(9, 121) = .85, p > .05. On the PRS, there was a main effect for 
condition, which will be discussed in a later section, but the main effect for order was 
nonsignificant F(1, 145) = .23, p > .05.,   Thus, the counterbalanced conditions were combined to 
address the research questions. 
Means and standard deviations for all conditions across dependent variables are presented 
in Table 5. A correlation matrix of dependent measures is presented in Table 6. As can be seen in 
Table 6, with the exception of the moderate relationship between the ANT Alerting and 
Orienting subscales, the dependent variables were uncorrelated.  
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Table 5 
Means and Standard Deviations of the Conditions Across Outcome Variables 
Condition Mean Std. Deviation N 
ANT-Executive    
Nature & Classical 117.90* 54.63 38 
Nature & Nature 109.27 50.71 26 
Nature Only 148.46 58.87 26 
Urban 115.78 70.05 23 
Classical 110.93 70.31 28 
ANT-Alerting    
Nature & Classical 44.80 40.98 38 
Nature & Nature 58.85 68.78 26 
Nature Only 44.62 29.78 26 
Urban 38.65 30.22 23 
Classical 59.54 36.67 28 
ANT-Orienting    
Nature & Classical 49.89 35.94 38 
Nature & Nature 62.46 142.11 26 
Nature Only 29.00 25.80 26 
Urban 26.09 46.35 23 
Classical 50.11 40.78 28 
Proof-Reading Task    
Nature & Classical .57 .26 31 
Nature & Nature .61 .31 25 
Nature Only .53 .23 31 
Urban .43 .19 25 
Classical .56 .25 19 
Perceived Restorativeness Scale    
Nature & Classical 31.51 5.74 44 
Nature & Nature 28.63 7.37 40 
Nature Only 29.35 6.37 36 
Urban 26.42 6.84 334 
* The scores on the ANT are measured in milliseconds and can range from -1700 to +1700. The PRT contained 66 
errors to be identified and the PRS mean scores were out of a possible 44 points. 
  
                                                          
4 The samples sizes do not add to 184 since, as described before, participants included only needed to complete 
either the ANT or PRT and then the PRS (except those in the classical music condition since they did not complete 
the PRS) 
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Table 6 
Correlations Among Study Variables Including Means and Standard Deviations (N=184) 
Variables 1. 2. 3. 4. 5. 
1. ANT-Executive — 
 
   
2. ANT-Alerting .08 —    
3. ANT-Orienting .04 .66* —   
4. PRT .05 -.01 -.05 —  
5. PRS .07 -.01 -.07 .09 — 
M 120.21 49.28 44.52 .54 29.15 
SD 61.51 43.77 70.00 .25 6.77 
*p < .05.     
  
Research Hypotheses & Outcomes 
 To analyze the three main research questions, hierarchical multiple regression analysis 
with ordinary least squares estimation was conducted to examine whether there were any main 
effects for condition or for biophilic attitudes (BAI-Curiosity) on each of the three dependent 
variables (ANT, PRT, or PRS) and whether biophilic attitudes moderated the effects of condition 
on the dependent measures. Prior to conducting the analysis, the condition variable was dummy-
coded designating the urban photos condition as the reference variable, as this was the negative-
control. Overall, five models were analyzed—one model for each dependent variable (ANT has 
three subscales).  
Model 1—Proof-Reading Task (PRT) 
 The first regression model was conducted with the PRT subscale as the dependent 
variable. The dummy-coded condition variables (except for the urban reference condition) were 
entered into a hierarchical regression model at step 1, these same categorical dummy-coded 
conditions were entered along with BAI scores at step 2, and then the same variables along with 
their product term were entered into the model at step 3. On the PRT, I predicted that there 
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would be a main effect for condition (hypothesis 1) and no main effect for the BAI (hypothesis 
2). Additionally, I predicted that there would be a significant interaction between condition and 
BAI scores (hypothesis 3).  
At step one, the model was non-significant, F(4, 126) = 1.03, p > .05, R2 =.03 which 
indicated that, contrary to what I predicted, there was no main effect for condition on the proof-
reading task. Similarly, at step two, the F change statistic was non-significant, F(1, 125) = .02, p 
> .47, R2 =.01 which indicated that, consistent with what I expected, there was no significant 
main effect for BAI scores on the proof-reading task.  The F change statistic for the third and 
final step revealed similar non-significant results, F(4, 121) = 1.18, p > .05, R2 =.07 which 
indicated, contrary to my hypothesis, that BAI scores did not interact with condition to influence 
performance on the  proof-reading task. (See Table 7 for a summary of the regression 
coefficients).  The total variance explained by the model was 11%, and the full model was 
nonsignificant, F (9, 121) = 1.59, p > .05, R2 = .11. It is important to note that although the 
classical music condition and the interaction term for BAI and nature photos & nature sounds 
were significant in Table 7, the F and F change statistics, and the ANOVA values for all three 
models were non-significant; therefore, the coefficients were not interpreted. 
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Table 7 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting PRT 
Coefficient B SE (B) β T Sig. (p) 
Classical Music 9.06 3.99 .26 2.27 .03* 
Nature & Classical 5.19 3.31 .18 1.57 .12 
Nature & Nature 5.22 3.50 .17 1.49 .14 
Nature Photos 3.89 3.46 .13 1.12 .26 
BAI (centered) .52 .36 .23 1.42 .16 
Classical Music X BAI 1.37 .99 .14 1.38 .17 
Nature & Classical X BAI -.27 .52 -.06 -.52 .60 
Nature & Nature X BAI -1.36 .59 -.26 -2.29 .02* 
Nature Photos X BAI -.66 .60 -.13 -1.09 .28 
*p < .05. 
Model 2—Attention Networking Test-Alerting (ANT) 
Three models were analyzed for this dependent variable because there are three ANT 
subscales—Alerting, Orienting, and Executive Control. The first analysis was conducted for the 
Alerting subscale. As in the previous analysis, the dummy-coded condition variables (except for 
the urban reference condition) were entered into a hierarchical regression model at step 1, the 
categorical dummy-coded conditions were entered along with the BAI at step 2, and then the 
same variables along with their product term were entered into the model at step 3.  
At step one, the model was non-significant, F(4, 136) = 1.22, p > .05, R2 =.03 which 
indicated that, consistent with what I expected, there was no main effect for condition on the 
ANT-Alerting. Similarly, at step two, the F change statistic was non-significant, F(1, 135) = .27, 
p > .05, R2 =.01 which indicated that, consistent with my expectations, there was no significant 
main effect for BAI scores on the ANT-Alerting. The F change statistic for the third and final 
step yielded similar non-significant results, F(4, 131) = 1.63, p > .05, R2 =.04 . (See Table 8 for a 
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summary of the regression coefficients). The total variance explained by the model was 8%, and 
the full model was nonsignificant, F (9, 131) = 1.30, p > .05, R2 =.08   
Table 8 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting ANT-
Alerting 
Coefficient B SE (B) β T Sig. (p) 
Classical Music 25.23 12.95 .23 1.95 .05 
Nature & Classical 4.86 11.75 .05 .41 .68 
Nature & Nature 22.09 12.46 .20 1.77 .08 
Nature Photos 3.70 13.22 .03 .28 .78 
BAI (centered) -.44 1.46 -.06 -.30 .76 
Classical Music X BAI 2.89 2.73 .12 1.06 .29 
Nature & Classical X BAI .98 1.93 .07 .51 .61 
Nature & Nature X BAI -2.82 2.04 -.17 -1.38 .17 
Nature Photos X BAI 1.28 2.34 .07 .55 .59 
 
Model 3—Attention Networking Test-Orienting (ANT) 
The second analysis was conducted for the Orienting subscale. The dummy-coded 
condition variables (except for the urban reference condition) were entered into a hierarchical 
regression model at step 1, the categorical dummy-coded conditions were entered along with the 
BAI at step 2, and then the same variables along with their product term was entered into the 
model at step 3. On the ANT-Orienting, previous researchers predicted and confirmed that 
interactions with nature did not have an impact on ANT-Orienting scores (Berman, Jonides, & 
Kaplan, 2008; Howard, Gamble, & Gamble, 2014); thus, significant main effects for condition or 
BAI were not expected.  
At step one, the model was non-significant, F(4, 136) = 1.26, p > .05, R2 =.04 which 
indicated that, consistent with what I expected, there was no main effect for condition on the 
 
 
83 
 
ANT-Orienting. Similarly, at step two, the F change statistic was non-significant, F(1, 135) = 
1.50, p > .05, R2 =.00 which indicated that, as expected,  there was no significant main effect for 
BAI scores on the ANT-Orienting. The F change statistic for the third and final step revealed 
similar non-significant results, F(4, 131) = .92, p > .05, R2 =.04 which was consistent with my 
expectation of a nonsignificant interaction. (See Table 9 for a summary of the regression 
coefficients). The total variance explained by the model was 8%, and the full model was 
nonsignificant F (9, 131) = 1.13, p > .07, R2 =.08. 
Table 9 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting ANT-
Orienting 
Coefficient B SE (B) β T Sig. (p) 
Classical Music 23.58 20.82 .14 1.13 .26 
Nature & Classical 25.40 18.89 .16 1.35 .18 
Nature & Nature 39.67 20.04 .22 1.98 .05 
Nature Photos 1.24 21.25 .01 .06 .95 
BAI (centered) .01 2.34 .01 .01 .99 
Classical Music X BAI -.26 4.40 -.01 -.06 .95 
Nature & Classical X BAI -.81 3.10 -.04 -.26 .80 
Nature & Nature X BAI -5.14 3.29 -.19 -1.56 .12 
Nature Photos X BAI .67 3.77 .02 .18 .86 
 
Model 4—Attention Networking Test-Executive (ANT) 
The third analysis was conducted for the Executive subscale. The categorical dummy-
coded conditions (except for the urban reference condition) were entered at step 1 into a 
hierarchical simultaneous regression model. At step 2, the condition dummy variables were again 
added along with the continuous BAI variable. Lastly, the same variables along with their 
product term were entered into the model at step 3. On the ANT-Executive, I predicted that there 
would be a main effect for condition (hypothesis 1) but no main effect for the BAI (hypothesis 
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2). Additionally, I predicted that there would be a significant interaction between condition and 
BAI scores (hypothesis 3).  
At step one, the model was non-significant, F(4, 136) = 1.82, p > .05, R2 =.05 which 
indicated that, contrary to my hypothesis, there was no main effect for condition on the ANT-
Executive. Similarly, at step two, the F change statistic was non-significant, F(1, 135) = .07, p > 
.05, R2 =.00 which indicated that, consistent with what I expected, there was no significant main 
effect for BAI scores on the ANT-Executive. The F change statistic for the third and final step 
revealed nonsignificant results for the interaction, F(4, 131) = .93, p > .05, R2 =.03. (see Table 10 
for a summary of the regression coefficients). Contrary to my hypothesis, BAI scores did not 
significantly moderate the effects of condition on the ANT-Executive. The total variance 
explained by the model was 8%, and the full model was nonsignificant F (9, 131) = 1.22, p > .05, 
R2 =.08. 
Table 10 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting ANT-
Executive 
Coefficient B SE (B) β T Sig. (p) 
Classical Music 2.12 18.15 .01 .12 .91 
Nature & Classical 6.79 16.55 .05 .41 .68 
Nature & Nature -5.40 17.56 -.03 -.31 .76 
Nature Photos 28.38 18.62 .18 1.52 .13 
BAI (centered) .58 2.05 .05 .28 .78 
Classical Music X BAI 3.04 3.85 .09 .79 .43 
Nature & Classical X BAI -2.78 2.72 -.14 -1.02 .31 
Nature & Nature X BAI -1.89 2.88 -.08 -.66 .51 
Nature Photos X BAI 1.29 3.30 .05 .39 .70 
 
Model 5—Perceived Restorativeness Scale (PRS) 
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 The final regression model was conducted with the PRS subscale as the dependent 
variable. As in the previous analyses, the urban photo condition again served as the reference 
variable. However, this analysis did not include the classical music level of the condition 
variable since participants in this condition did not view the slideshow. The remaining 
categorical dummy-coded conditions were entered at step 1 into a hierarchical simultaneous 
regression model. At step 2, the condition dummy variables were again added along with the 
continuous BAI variable. Lastly, the same variables along with their product term was entered 
into the model at step 3 to test the interaction. On the PRS, I predicted that there would be a main 
effect for condition (hypothesis 1) but no main effect for the BAI (hypothesis 2). Additionally, I 
predicted that there would be a significant interaction between condition and BAI scores 
(hypothesis 3). 
At step one the model was significant, F(3, 149) = 3.87, p < .05, R2 =.07 which indicated 
that, consistent with my hypothesis, there was a main effect for condition on the PRS. Condition 
accounted for 7.2% of the explained variance in how restorative the intervention was perceived. 
At step two, the F change statistic was significant, F(1, 148) = 12.60, p < .05, R2 =.08. 
Unexpectedly, the addition of BAI scores to the model contributed an additional 7.3% of the 
explained variance after controlling for condition. Although the F change was significant, the 
coefficient for the overall model (see Figure 11) was nonsignificant, so the main effect for BAI 
was not interpreted. The F change statistic for the third and final step revealed non-significant 
results, F(3, 145) = .52, p > .05, R2 =.15. Contrary to my hypothesis, participants’ BAI scores did 
not interact with condition to influence perceived level of restorativeness. The total variance 
explained by the model was 15%, and the full model was significant F(7, 145) =3.77, p < .05 
(see Table 11 for a summary of the regression coefficients). This eliminated the possibility that 
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BAI scores significantly moderate the effects of condition on the Perceived Restorativeness 
Scale in the current study, but the main effect for condition required further analysis.  
Table 11 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting PRS 
(Urban Condition set as reference) 
Coefficient B SE (B) β T Sig. (p) 
Nature & Classical 4.60 1.50 .31 3.07 .00* 
Nature & Nature 1.78 1.51 .12 1.18 .24 
Nature Photos 1.86 1.58 .12 1.18 .24 
BAI (centered) .27 .18 .23 1.50 .14 
Nature & Classical X BAI -.05 .25 -.02 -.20 .84 
Nature & Nature X BAI .07 .26 .03 .25 .80 
Nature Photos X BAI .27 .28 .10 .98 .33 
*p < .05. 
 The main effect for condition was followed up with Scheffé post-hoc comparisons that 
revealed that that PRS scores were significantly higher for those in the nature photos & classical 
music condition (M = 31.51) compared to those in the urban photos/negative control condition 
(M = 26.42). There were no significant differences among the other conditions (see Table 5 for 
all means and standard deviations). 
Supplementary Analysis 1—PANAS 
In addition to the specific research hypotheses, data were also collected assessing 
changes in mood on the Positive and Negative Affect Scale (PANAS) from pre to post-
intervention periods. Although there were no specific hypotheses made regarding changes in 
mood, means and standard deviations for the Positive and Negative Affect scales (see Table 5) 
were entered into a 5 Condition X 2 Time (pre vs. post intervention) mixed-model MANOVA. 
This analysis yielded no significant effects for condition, F(8, 356) = .87, p > .05, Wilk's Λ = 
0.96, or for the Time x Condition interaction, F(4, 179) = 2.54, p < .05, Wilk's Λ = 0.95 F(8, 
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356) = 1.62, p > .05, Wilk's Λ = 0.93. However, the main effect for time was significant F(2, 
178) = 12.57, p < .05, Wilk's Λ = 0.88, η2 = .12.  
Follow-up univariate analyses revealed a significant decrease in positive affect from pre 
to post-intervention F(1, 179) = 14.75, p < .05, η2 = 0.08, but the PANAS Negative scores did 
not differ significantly from pre to post-intervention F(1, 179) = 3.65, p > .05. The PANAS 
results are presented in Figure 8. 
 
Figure 8. Changes in Affect from Pre to Post-Intervention. Error bars represent standard errors. 
Supplementary Analysis 2—Compatibility 
The final analysis dealt with the initial preference compatibility for the water and 
greenery images utilized in the restorative conditions in the study. Preference compatibility in the 
current study was assessed by presenting participants with an imaginative situation where they 
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could choose to spend a 30-minute work break in either a beach, mountain, forest, or desert 
virtual environment. Participants were told that they could spend all 30 minutes in a single 
environment or they could split the time up however they preferred. Figure 9 below shows the 
breakdown and the obvious preference for the beach scene—which is consistent with previous 
research (Purcel, Peron, & Berto, 2001; Herzog, Maguirem, & Nebel, 2003; Felsten, 2009; 
White, Smith, Humphryes, Pahl, Snelling, & Depledge, 2010) and with the environment utilized 
in the current study. Second, as is also consistent with previous findings, is a preference for 
greenery. The question that stems from these results is whether there were differences on any of 
the dependent measures among participants who were more compatible with the nature scenes 
(i.e., those who allotted 15 minutes or longer to the beach scene) compared to those with 
different preferences. 
 
Figure 9. Preference for Type of Environment. Error bars represent standard errors. 
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 To maximize the sample size due to unequal numbers of participants completing different 
dependent variables, the dependent measures were analyzed in separate models. Means and 
standard deviations for the PRT, ANT-Alerting, ANT-Orienting, ANT- Executive, and PRS as a 
function of compatibility and condition appear in Tables 13, 14, 15, 16, and 17, respectively. A 5 
Condition X 2 Compatibility (compatible vs. not compatible) ANOVA was conducted to assess 
the main effects and interaction on the PRT and PRS, and a 5 Condition X 2 Compatibility 
(compatible vs. not compatible) MANOVA was conducted for the ANT since it is composed of 
three subscales. Levine’s test for homogeneity of error variance was non-significant for both 
ANOVA analyses.  
The first ANOVA focused on the PRT; neither a main effect for condition (F(4, 121) = 
1.40, p >  .05, η2 = .04), nor compatibility (F(1, 121) = .03, p >  .05, η2 < .01), nor an interaction 
between both variables were found (F(4, 121) = 2.42, p >  .05, η2 = .07). The multivariate 
analysis on the ANT subscales revealed similar results; no main effect for condition (Pillai’s 
Trace = .11, F(12, 393) = 1.22, p >  .05, η2 = .04), compatibility (Pillai’s Trace < .01,  F(3, 129) 
= .08, p >  .05, η2 < .01), or their  interaction (Pillai’s Trace = .05,  F(12, 393) = .58, p >  .05, η2 
= .02). In this analysis, Pillai’s trace was utilized due to Box’s M being significant.  
 The third analysis focused on the PRS. In this case, a main effect for condition was found 
(F(3, 145) = 4.13, p <  .05, η2 = .08) but not for  compatibility (F(1, 145) = 3.28, p > .05, η2 < 
.02). Additionally, the interaction between both factors was non-significant (F(3, 145) = .14, p > 
.05, η2 < .01; see Tables 12-16 for means and standard deviations). The main effect for condition 
was expected, as this replicated the differences between means (nature & classical > urban) that 
was reported previously. In summary, there were no significant main effects or interactions 
related to scene compatibility on any of the dependent variables.  
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Table 12 
Means and Standard Deviations for Compatibility and Condition on the PRT 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible .54 .06 15 
Non-Compatible .60 .06 16 
Nature & Nature    
Compatible .71 .06 15 
Non-Compatible .45 .08 10 
Nature Pictures    
Compatible .46 .07 12 
Non-Compatible .58 .06 19 
Classical Music    
Compatible .51 .10 6 
Non-Compatible .59 .07 13 
Urban Pictures    
Compatible .42 .07 12 
Non-Compatible .45 .07 13 
 
Table 13 
Means and Standard Deviations for Compatibility and Condition on the ANT- Alerting 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible 52.33 33.38 13 
Non-Compatible 40.88 44.56 25 
Nature & Nature    
Compatible 51.89 34.87 9 
Non-Compatible 62.52 82.11 17 
Nature Pictures    
Compatible 37.00 11.83 8 
Non-Compatible 48.00 34.74 18 
Classical Music    
Compatible 63.43 33.73 7 
Non-Compatible 58.24 38.29 21 
Urban Pictures    
Compatible 33.18 19.74 11 
Non-Compatible 43.67 37.61 23 
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Table 14 
Means and Standard Deviations for Compatibility and Condition on the ANT-Orienting 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible 47.14 41.33 19 
Non-Compatible 51.32 33.63 19 
Nature & Nature    
Compatible 43.77 23.08 18 
Non-Compatible 72.35 176.04 16 
Nature Pictures    
Compatible 29.00 19.68 18 
Non-Compatible 29.00 28.63 21 
Classical Music    
Compatible 65.14 46.95 18 
Non-Compatible 45.10 38.45 22 
Urban Pictures    
Compatible 17.00 61.58 20 
Non-Compatible 34.42 26.28 18 
 
Table 15 
Means and Standard Deviations for Compatibility and Condition on the ANT-Executive 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible 129.95 34.48 19 
Non-Compatible 111.64 62.34 19 
Nature & Nature    
Compatible 120.56 42.97 18 
Non-Compatible 103.29 54.63 16 
Nature Pictures    
Compatible 157.38 61.92 18 
Non-Compatible 144.50 58.86 21 
Classical Music    
Compatible 84.00 42.68 18 
Non-Compatible 119.90 76.09 22 
Urban Pictures    
Compatible 110.82 72.15 20 
Non-Compatible 120.33 70.94 18 
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Table 16 
Means and Standard Deviations for Compatibility and Condition on the PRS 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible 32.84 6.12 17 
Non-Compatible 30.67 5.44 27 
Nature & Nature    
Compatible 30.10 7.41 18 
Non-Compatible 27.43 7.29 22 
Nature Pictures    
Compatible 30.73 4.55 14 
Non-Compatible 28.47 7.26 22 
Urban Pictures    
Compatible 26.81 6.94 16 
Non-Compatible 26.04 6.94 17 
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Chapter 5: Discussion 
Summary 
 The overall purpose of the current study was to investigate the role of auditory stimuli in 
Attention Restoration Theory, and to assess whether attitudes towards nature moderate the effect 
of nature interactions on attention restoration. Utilizing photographs of nature, the addition of 
nature sounds to nature photos was hypothesized to create a more immersive experience for 
participants and, therefore, lead to better performance on attention-based tasks as a result of 
recovered attention. Although a similar study (Emfield & Neider, 2014) failed to find any 
additive effects for nature sounds or nature photos, I hypothesized that general attitudes towards 
nature may be an important variable to investigate, and that failed replication attempts might be 
due to the restorative effects of interacting with nature being negated by a low interest in nature. 
 Based on previous literature, I predicted that inducing attention fatigue via a digit-span 
task followed by an intervention period utilizing photographs of nature, nature photos and sound 
combinations, classical music, and urban photographs would result in different levels of attention 
restoration based on the restorative criteria outlined by Kaplan (1995) (i.e., being away, extent, 
invoking soft fascination, and compatibility). More specifically, I expected that adding nature 
sounds to the photographs would make the experience more consistent with an actual presence in 
nature and would enhance the effects in terms of attention restoration. The photos of nature 
would theoretically produce the same effect, in terms of facilitating attention restoration, as 
viewing the photos of nature while listening to classical music since there is no evidence that 
music, specifically non-lyrical, non-syncopated classical music, has a positive or negative effect 
on attention restoration. The classical music only condition served as a neutral control since there 
is no evidence of its impact on attention restoration. Additionally, including classical music 
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provides the benefit of adding a measure of validity as listening to or having classical-type music 
playing while working or studying is done in the real world. The urban photograph condition 
served as a negative control as it has been shown repeatedly to have a deleterious effect on 
attention restoration (Berto, 2005; Berman, Jonides, & Kaplan, 2008; Howard, Gamble, & 
Gamble, 2014). Importantly, these anticipated results were expected to hold only for participants 
with self-reported positive attitudes toward nature.  
 Overall, the hypotheses were generally unsupported. Results revealed no main effects for 
condition or biophilic attitudes on the ANT or PRT, nor was there any evidence of biophilic 
attitudes moderating the effects of nature on attention restoration. There was, however, a 
significant main effect for condition on perceived restorativeness (PRS). Participants in the 
nature photos & classical music condition rated the intervention as being more restorative than 
the urban photograph condition.   
 Regarding performance on the ANT, the lack of a main effect for condition for 
the ANT Orienting and Alerting scales is consistent with findings reported by previous 
researchers (Berman, Jonides, & Kaplan, 2008; Howard, Gamble, & Gamble, 2014), but 
inconsistent with their findings on the ANT Executive scale for both physical and virtual 
interactions with nature. The only study that failed to report a significant effect for viewing 
nature photos compared to viewing urban photos on the ANT Executive scale was conducted by 
Emfield and Neider (2014) which, similar to the current study, did not find significant restorative 
effects for nature sounds. In comparison to the means and standard deviations cited by Jim Fan, 
the lead developer of the ANT, (www.sacklerinstitute.org/cornell/assays_and_tools/ant/jin.fan/) 
current participants’ mean performances were higher and exhibited more variance (Alerting-Fan 
M = 84 SD = 25; current study M = 120 SD = 62; Orienting-Fan M = 51 SD = 21; current study 
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M = 45 SD = 70; Executive-Fan M = 84 SD = 25; current study M = 120 SD = 62). This larger 
variance may explain, at least in part, why group differences were not found on ANT 
performance. Further, the correlations between ANT scales were not correlated in previous 
studies (Fan, McCandliss, Sommer, Raz, & Posner, 2002; Fossella et.al., 2002), but the alerting 
and orienting scales were significantly correlated in the current study (see Table 6). Although the 
executive attention scale, which was of most interest in the current study was not correlated 
significantly with either of those scales in the current study, the correlations between the other 
scales was unanticipated and remains unexplained.  
 Regarding performance on the PRT, current participants, on average, found around half 
(54%) of the errors within the sections of text they read. The overall performance is comparable 
to that reported by Hartig and colleagues (1991) in the only other study that utilized the PRT as 
an outcome measure. Hartig and colleagues did, however, find a significant main effect for 
nature condition where those who took a walk in nature performed significantly better than those 
who took a walk in more urban conditions. University students in their study found an average of 
56% of the errors. The comparability in performance is important to note given that half the 
participants in the current study were from India and were learning English as second language.  
 The non-significant findings in the current study are likely not attributable to a mismatch 
between the type of nature scene used in the restorative conditions and participants’ preferred 
nature scenes. The additional, “compatibility” analyses revealed that participants generally 
preferred beach/water environments. This confirmed the decision to utilize the beach with 
greenery scenes as the visual stimuli for the experimental conditions. From these and results 
from previous studies mentioned above, it is clear that people have a preference for water and 
greenery-based settings and, as indicated on the PRS, self-report that they offer more restorative 
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qualities than other types of settings—especially urban. However, these self-reported these 
perceptions did not result in measurable differences in attention-based performances on either the 
ANT or PRT.  
 The failure to find a main effect for the nature condition is consistent with the previous 
failed replication study conducted by Emfield and Neider (2014). In their study, they assigned 
participants to seven conditions (i.e., control, nature photos, nature photos and nature sounds, 
nature sounds, urban photos, urban photos and urban sounds, and urban sounds) and similarly 
utilized the backwards digit-span task to induce attentional fatigue. Utilizing the PANAS to 
assess pre and post-intervention affect and the ANT and the Functional Field of View task 
(FFOV) as outcome measures, they hypothesized that they would find a main effect for condition 
such that the nature conditions would provide more restoration than the urban and control 
conditions. Additionally, they predicted that the addition of the sounds to the visual stimuli 
would make the conditions more immersive, thus leading to better performance on the ANT and 
FFOV for participants in the nature photos and nature sounds compared to those who viewed 
urban photos while listening to urban sounds. In essence, their study and hypotheses were similar 
to those of the current study. As in the current study, they also failed to find a significant main 
effect for experimental condition on either of the attentional outcome variables. However, similar 
to the current study, they did find significant results on the PANAS. The current study found a 
significant decrease from pre to post-intervention positive affect, and this is what Emfield and 
Neider reported. Regarding negative affect, although Emfield and Neider found a significant 
reduction in negative affect from to post-intervention, the difference between pre- and post-
intervention negative affect in the current study was not significant.  
 
 
97 
 
 Although some researchers have provided empirical evidence supporting ART’s 
predictions regarding the restorative effects of nature photographs on attention, the current 
findings raise continuing questions related to the real-world applicability of the theory, or 
ecological validity. Whereas several researchers have reported significant effects of short-term 
(e.g., < 20 minutes) exposures to nature on attention restoration (Berto, 2005; Berman, et al., 
2008), others, including the current study,  have failed  to replicate all or part of the previously 
reported results (Hartig et al., 1996, 2003; Emfield & Neider, 2014; Perkins, Searight, & Ratwik, 
2011) including the current study. It very well may be the case that the immersive experiences of 
taking a walk in nature, sitting on a sunny beach, or enjoying a park vista are able to produce 
restorative effects that are difficult to replicate in either the laboratory or on one’s computer.    
  Participants’ attitudes toward nature, as measured with the BAI Curiosity scale, 
produced neither a main effect nor interacted with the condition variable in the current study. 
Although I did not expect a main effect, I did predict that participants who had higher BAI scores 
and who were assigned to a restorative condition (i.e., nature photos, nature photos & nature 
sounds, nature photos & classical music) would perform better on the ANT and PRT than those 
who had lower BAI scores. Again, this hypothesis was not supported.  
 There are a few plausible explanations: First, it may be the case that the BAI Curiosity 
scale was not a good measure of participants’ attitudes toward nature. The BAI Curiosity scale is 
one of four factors that the version I utilized assesses. The Curiosity scale was selected as the 
other scales measured attitudes outside of what I view a general appreciation for nature (e.g., 
morality issues, attitudes towards animals), but it may be the case that scores on the Curiosity 
scale also did not provide a valid estimate for what I intended. The second possibility is that the 
BAI Curiosity scale is a good instrument for assessing general attitudes toward nature, but, due 
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to extraneous variables and/or difficulties participants experienced with the PRT and ANT, not 
enough valid data were collected to analyze the effects of biophilic attitudes. Finally, it is 
plausible that ART is based on an assumption that simply is not true—that interactions with 
nature facilitate attention restoration by invoking fascination. It may be the case that participants 
in successful studies were affected by increased arousal, or a change in mood rather than via the 
invocation of fascination. More research is needed in this area and, for the purposes of ART, a 
more appropriate instrument may be needed to obtain a valid estimate for participants’ attitudes 
toward nature. 
Implications 
 Despite the largely non-significant findings in the current study, the potential 
implications for ART are numerous. In education, students often have breaks of varying length 
between classes or assignments that could be utilized to restore drained attentional resources. In 
theory, students would benefit greatly from spending these breaks walking through their campus, 
going to a park to study, or taking a class walk (grade-school) through a natural environment. 
The effects of nature on attention may or may not have an impact on those with attention 
disorders or deficits, and this is an area where ART may provide real-world utility. It may be the 
case that incorporating walks in nature or holding classes outside may allow students whose 
attention is limited to avoid attention fatigue. It is important for teachers and students to learn 
strategies for battling attention fatigue—especially given the alternatives to spending time 
between classes or assignments (e.g., social media, YouTube videos, gaming) that would 
typically not offer the restorative properties that allow fatigued attention to restore.  
 As discussed above, the current study results were contrary to what I predicted. This 
study, as well as other researchers’ attempts to replicate and validate previously published 
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research incorporating photographs of nature have failed, at least in part, to show a reliable effect 
(Emfield & Neider, 2014; Gamble, Howard, & Howard, 2014; Perkins, Searight, & Ratwik, 
2011). It is important to note that all failed replications utilized photographs of nature rather than 
incorporating an actual, physical presence in nature. This suggests that the most reliable evidence 
for the effects of nature interactions on attention restoration involves physical rather than virtual 
interactions with nature. This speculation is supported by two meta-analyses that also call into 
question the claims made about the impact of nature on attention restoration via virtual 
interactions (Bowler, Buyung-Ali, Knight, & Pullin, 2010; Ohly, White, Wheeler, Bethel, 
Ukoumunne, Nikolaou, & Garside, 2016). Until further research is undertaken, it is advisable 
that interacting with nature in a non-virtual manner is the best way to take advantage of the 
potential, attention-restoring benefits offered.  
Limitations 
Several limitations in the current study must be addressed. One limitation stems from this 
study being conducted online rather than in a laboratory; the online administration used in the 
current study is unique with regard to previous other experimental studies conducted on 
Attention Restoration Theory. The online environment introduced several extraneous variables 
and made it more difficult to ensure that study instructions were followed. Adherence to 
instructions would likely have been better had the study been conducted in a laboratory where 
unanticipated problems with the software could have been addressed more easily.  
This lack of control led to several unanticipated complications. First, and most 
importantly, roughly half of the participants who signed up for the study experienced difficulty 
completing the Attention Networking Test (ANT). This task was the only portion of the study 
that required participants to navigate away from the Qualtrics survey to complete. The task 
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required participants to download a Java-based application and follow specific directions for the 
application to run correctly. Although the task was tested by various people on various types of 
computers and on various operating systems prior to disseminating the Qualtrics survey to 
participants, and despite the specific instructions provided to participants, there were a large 
number of participants who emailed the researcher with problems. If participant issues could not 
be corrected quickly, participants were told to move on to the next part of the study so that all 
participants would complete the dependent variables shortly after the intervention. Problems with 
the ANT were the main cause for the reduction from 450 study completions to the 248 
participants whose data met the criteria for successful completion. This number was further 
reduced to 184 after I made the decision to only include MTurk participants because of the 
differences between the samples in terms of mood, education, and failure of the UNLV 
participants to provide valid data on the ANT.  
The second limitation is that there were difficulties on the Proof-Reading Task as 53 of 
the 184 participants (28%) did not complete the task. The PRT was part of the Qualtrics portion 
of the study which did not require external navigation. However, because highlighting errors 
required two steps, it is possible that participants overlooked the instructions and completed the 
task thinking that they did everything correctly but, in reality, none of the errors were saved as 
highlighted. This problem had been noted during pilot testing of the task and, as a result, explicit 
instructions were added prior to   collecting data from study participants. Even so, it is possible 
the instructions were overlooked.  
The third limitation to the study was the lack of control in how participants viewed and/or 
listened to the intervention. Since participants were instructed to use a Mac or PC and not a 
phone, I could ensure that the visual stimuli were viewed on some type of monitor, but the size 
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of the monitor, which would be controlled during an in-person study, was not controlled. It is 
unknown whether this would impact results, but it is certainly possible that a large, high 
definition screen would provide more of an interactive experience than one would experience on 
a smaller screen. The same limitation applies to the auditory level and quality for those whose 
intervention condition incorporated auditory stimuli. Participants were instructed, in the 
conditions with auditory stimuli, to make sure their speakers were enabled, and they were 
provided a link to a YouTube video with video and auditory stimuli so that they could adjust 
their audio prior to starting the study. This stated, due to the variability in participants’ hardware, 
the control that could be exerted in-person was not possible in the current study.  
The fourth limitation was the manner in which the intervention slideshow was controlled. 
To ensure that participants attended to the slideshow- since the intervention was done via the 
Internet- three numbers were placed randomly throughout the slideshow that participants were 
asked to write down and later provide. It is plausible that this requirement interfered with 
attentional recovery by causing a degree of anticipation and/or stress over identifying the 
numbers rather than being immersed in the slideshow. Although impossible to know whether this 
occurred, it must be discussed as this could have contributed to the null findings.  
The fifth limitation was due to nearly half of the sample being from India. The way that 
this may have had a negative impact on the study is that it in unknown whether participants 
whose first language was not English, or were from a different culture, might have interpreted 
the directions and/or terms (e.g., fascination, restoration, biophilia, etc.) differently than 
participants from the United States. This may or may not have had a significant impact, but must 
be mentioned since there was a significant portion of participants from India.  
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The final limitation was the inability to control external distractions. Although instructed 
not to, participants may have had music, conversations, movies, etc. playing in the background 
while completing the study which could have unknown and possibly deleterious effects on 
attention restoration.  
Future Research  
 Future studies dealing with the benefits of spending time in, or interacting with, nature in 
terms of attention restoration would benefit from addressing and incorporating issues identified 
from the current and previously published studies. First, it is important to utilize a true 
experimental design to avert the potential for extraneous and confounding variable influences 
that can have an impact on one’s level of attention and performance on tasks. Random 
assignment within a controlled setting may be the best method for further parsing out the 
influence of nature on performance—especially when utilizing less immersive means (i.e., 
photographs) to facilitate attentional recovery. Second, biophilic attitudes, or some type of 
general appreciation of nature or natural setting, should be further explored as this was the first 
study to include such a measure in the ART literature.   
 Third, it would be helpful to directly assess participants’ attentional fatigue rather than 
infer their fatigue from the assumption that a specified task or participation for a set amount of 
time induced an adequate level of attentional fatigue. It very well may be the case that 
individuals vary significantly in their resistance to attentional fatigue, or their starting reserve of 
directed attention. It may be better to utilize multiple attention-fatiguing exercises to ensure that 
participants experience fatigue rather than a single exercise, as was utilized in the current study. 
If one utilized a physiological measure and/or a cognitive assessment several times during the 
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fatiguing period, it would provide more confidence that participants begin the intervention period 
of the study with significantly depleted directed attention.  
 The fourth recommendation is to determine the length of time it takes fatigued attention 
to recover in a true control condition, and how long it takes when one interacts with nature. 
Attention can be restored with or without interacting with nature—if this were not the case then 
people who live in the city and have no views of nature or visit parks would always be in a state 
of attentional fatigue. ANT indicates that nature interactions facilitate this process better than 
other interactions or conditions. For example, if attention naturally restores just sitting in a room 
or on the couch within 60 minutes, then taking an hour walk would be no more beneficial to 
restoring attention than just sitting down on a couch. In this case, ANT would be most beneficial 
in situations where someone has a shorter amount of time for recovery (e.g., study breaks, 
shorter lunch breaks). Determining this could be accomplished by incorporating other 
recommendations presented such as utilizing physiological measures, or by manipulating the 
intervention times, as an independent variable, to determine how long it takes for participant 
performance to return to pre-intervention levels.  
 The fifth recommendation for future research would be to utilize a more immersive 
means for nature interactions than simply having participants view photographs. Virtual reality is 
becoming more accessible and cheaper to employ and may allow participants to become more 
immersed in the environments. The final area for future research is to assess whether ART has 
possible therapeutic benefits to those with attentional disorders or deficits. As discussed 
previously, only a single experimental study has assessed the effects of ART on children 
diagnosed with ADHD and found significant benefits in restored attention after a 20-minute 
nature walk. With an estimated 5% of the U.S. population affected (https://add.org/adhd-facts/), 
 
 
104 
 
and many more who experience symptoms but not to the degree that warrants an official 
diagnosis, this is certainly an area that warrants exploration given its implications for educational 
settings as well as everyday life. If those with attention deficits are more prone to attentional 
fatigue, then incorporating the restorative qualities of interacting with nature may be a cheap and 
effective way for parents and teachers to lessen the cognitive and behavioral symptoms that are 
associated with ADHD. 
Conclusion 
 To summarize, the purpose of the current study was to replicate and extend previous 
research that found participants who viewed photographs of nature after being attentionally 
fatigued performed significantly better than participants who viewed photographs of urban 
environments (Kaplan, 1995; Bodin & Hartig, 2003; Berman, Jonides, & Kaplan. 2008; Taylor, 
Faber, & Kuo, 2009). As only one other study attempted to assess the impact of nature sounds 
combined with nature photos (Emfield & Neider, it is important to continue to experimentally 
explore the different aspects of nature to better understand the impact it may have on attention 
restoration. Further research is needed to establish the conditions under which the effects can be 
realized. As previously mentioned, the strongest evidence for nature interactions restoring 
attention fatigue come from studies that incorporated a physical presence in nature. Teachers and 
instructors could utilize these findings with short walks after testing sessions or other prolonged 
and/or cognitively demanding tasks. Cramming sessions may be more effective with several 
breaks incorporating nature rather than overloading on caffeine or other less restorative practices. 
In essence, the plethora of ways to apply ART will become more apparent as research continues 
to validate the theory’s predictions.  
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Appendices 
Appendix A 
Biophilic Attitudes Inventory (BAI) 
Biophilic Attitudes Inventory   
DIRECTIONS: Please circle the number that indicates how much you agree or 
disagree with each of the following statements. 
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01. I like to watch animals perform or do tricks.  1 2 3 4 5 
02. Even insects are important to nature.  1 2 3 4 5 
03. I like animals I can hold and hug.  1 2 3 4 5 
04. People should not hurt animals.  1 2 3 4 5 
05. I like to go where animals live in the wild.  1 2 3 4 5 
06. We should get rid of all poisonous animals like 
rattlesnakes and scorpions. 
 1 2 3 4 5 
07. I like learning about the parts of plants and 
animals. 
 1 2 3 4 5 
08. I like useful animals, such as horses, police 
dogs, and seeing-eye dogs. 
 1 2 3 4 5 
09. All dogs should be well trained.  1 2 3 4 5 
10. It is okay for animals to eat each other to 
survive. 
 1 2 3 4 5 
11. A good animal is always happy to see its 
owner. 
 1 2 3 4 5 
12. At zoos, you should not see the animals 
unless they want you to. 
 1 2 3 4 5 
13. A good animal has no owner and lives in the 
wild. 
 1 2 3 4 5 
14. I like the sounds of wind and rain.  1 2 3 4 5 
15. I like learning the names of plants and animals.  1 2 3 4 5 
16. The best plants and animals are those that 
people can eat or make into other things. 
 1 2 3 4 5 
17. All dogs should be kept on a leash.  1 2 3 4 5 
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DIRECTIONS: Please circle the number that indicates how much you agree or 
disagree with each of the following statements. 
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18. I like learning about how animals and plants 
help one another survive. 
 1 2 3 4 5 
19. I like to see my pet happy.  1 2 3 4 5 
20. Plants and animals deserve our protection.  1 2 3 4 5 
21. I like the sounds that animals make.  1 2 3 4 5 
22. I don’t like getting dirty when I go outside.  1 2 3 4 5 
23. I think insects are fascinating.  1 2 3 4 5 
24. It's okay to hunt animals for food.  1 2 3 4 5 
25. A good animal obeys its owners.  1 2 3 4 5 
26. All plants and animals are important in 
nature. 
 1 2 3 4 5 
27. Pets should be part of the family.  1 2 3 4 5 
28. I admire people who protect plants and 
animals. 
 1 2 3 4 5 
29. I like the smell of plants and animals in the 
wild. 
 1 2 3 4 5 
30. It’s usually too hot or too cold to enjoy being 
outdoors. 
 1 2 3 4 5 
31. I like watching nature shows on television.  1 2 3 4 5 
32. Plants and animals are around for people to 
use. 
 1 2 3 4 5 
33. Wild animals should be captured and tamed.  1 2 3 4 5 
34. I like learning about how animals behave in 
the wild. 
 1 2 3 4 5 
35. Animals’ feelings are as important as mine.  1 2 3 4 5 
36. Human land developers ought to do 
everything possible to avoid removing 
vegetation and dislocating animals. 
 1 2 3 4 5 
37. I like the feel of grass and sand under my 
bare feet. 
 1 2 3 4 5 
38. We should get rid of insects as much as we can.  1 2 3 4 5 
39. Nature is good because it gives us many things 
we need.  
 1 2 3 4 5 
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DIRECTIONS: Please circle the number that indicates how much you agree or 
disagree with each of the following statements. 
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40. I like to swim in lakes, rivers, and oceans.  1 2 3 4 5 
41. I admire people like lion tamers and 
dogcatchers, who know how to catch and 
control animals. 
 1 2 3 4 5 
42. Zoos should show you animals that are cute 
and friendly. 
 1 2 3 4 5 
43. I am really bothered by the sight of weeds in 
a lawn. 
 1 2 3 4 5 
44. Insects that will bite or sting me are 
everywhere in nature. 
 1 2 3 4 5 
45. I like to help sick or hurt animals.  1 2 3 4 5 
46. I like the sound of rivers, streams, and 
washes. 
 1 2 3 4 5 
47. Animals in the wild are dangerous.  1 2 3 4 5 
48. I think it is cruel to keep birds, even parakeets 
and canaries, in cages. 
 1 2 3 4 5 
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Appendix B 
The Positive and Negative Affect Scale (PANAS) 
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Appendix C 
Digit-Span Test 
 
9  5  (these numbers would show up next on the screen for 5 seconds before the screen shown 
below would appear directing participants to enter the numbers in in either forward or reverse 
order. 
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Appendix D 
Perceived Restorativeness Scale (PRS) 
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Appendix E 
Proof Reading Task (PRT) 
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Appendix F 
Attention Networking Test (ANT) 
https://www.sacklerinstitute.org/cornell/assays_and_tools/ 
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Appendix G 
Compatibility Task 
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Appendix H 
Tables and Figures Containing UNLV & MTurk Participants 
Table 2 
Comparison of MTurk and UNLV Participants on Mood and Preference Variables 
Variable UNLV MTurk 
N 58 184 
Avg. Age (SD) 24.5 (6.5) 33 (8.5)* 
% Male 23% 52%* 
% with 4-year Degree or higher 52% 97%* 
% who reported “Often” spending time in nature 41%  36%  
% who reported “never” spending time in nature 6%  3%  
Avg. BAI Curiosity (SD) 33.2 (6.9) 34.7 (5.8) 
Avg. PANAS Positive (SD) 26 (8.1) 35.2 (9.3)* 
Avg. PANAS Negative (SD) 14.9 (6.1) 17.7 (9.3)* 
* Indicates statistical differences at α < .05 
Table 3 
Comparison of MTurk and UNLV Participants on Dependent Variables 
 N M SD 
UNLV 58   
ANT- Executive 0 N/A N/A 
ANT- Orienting 0 N/A N/A 
ANT- Alerting 0 N/A N/A 
PRT 58 23.29 8.64 
PRS 37 26.45 8.08 
MTurk 184   
ANT- Executive 141 120.21 61.51 
ANT- Orienting 141 44.52 70.00 
ANT- Alerting 141 49.28 43.77 
PRT 131 22.19 12.49 
PRS 153 29.15 6.77 
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Table 4 
Demographic Variables for MTurk and UNLV Participants 
Variable N M SD % 
Age 242 29.05 8.72 - 
Ethnicity     
Asian or Pacific Islander 97   40% 
White/Caucasian 92   38% 
Hispanic or Latino 24   10% 
Black or African American 9   4% 
American Indian 5   2% 
Other 6   3% 
% Male 134 - - 55% 
% with 4-year Degree or higher 196 - - 81% 
% with graduate Degree or higher 67 - - 28% 
% who reported “often” spending time in nature 89 - - 38% 
% who reported “sometimes” spending time in nature 137 - - 59% 
% who reported “never” spending time in nature 7 - - 3% 
PANAS Positive 242 33.14 9.98 - 
PANAS Negative 242 17.12 9.08 - 
County of Residence     
USA 153 - - 63% 
India 84 - - 46% 
Canada 1 - - .5% 
Macedonia 1 - - .5% 
Philippines 1 - - .5% 
Singapore 1 - - .5% 
United Arab Emirates 1 - - .5% 
Employment     
Employed 189   78% 
Unemployed 5   2% 
Student 33   14% 
Homemaker 6   3% 
 
  
 
 
122 
 
Table 5 
Means and Standard Deviations of the Conditions Across Outcome Variables 
Condition Mean Std. Deviation N 
ANT-Executive    
Classical 110.93 70.31 28 
Nature & Classical 116.32 54.81 39 
Nature & Nature 109.32 49.12 28 
Nature Only 148.46 58.87 26 
Urban 115.78 70.05 23 
Classical 59.54 36.67 28 
ANT-Alerting    
Nature & Classical 44.80 41.00 38 
Nature & Nature 58.85 68.78 26 
Nature Only 44.62 29.78 26 
Urban 38.65 30.22 23 
Classical 50.11 40.78 28 
ANT-Orienting    
Nature & Classical 49.89 35.94 38 
Nature & Nature 62.46 142.11 26 
Nature Only 29.00 25.80 26 
Urban 26.09 46.35 23 
Classical 24.61 11.76 41 
Proof-Reading Task    
Nature & Classical 23.24 11.76 38 
Nature & Nature 22.38 10.46 34 
Nature Only 21.89 12.90 38 
Urban 20.58 10.17 36 
Classical 23.58 11.59 37 
Perceived Restorativeness Scale    
Nature & Classical 30.91 5.91 51 
Nature & Nature 28.18 7.58 49 
Nature Only 29.86 6.31 42 
Urban 25.74 7.14 44 
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Table 6 
Correlations Among Study Variables Including Means and Standard Deviations 
Variables 1. 2. 3. 4. 5. 
1. ANT-Executive — 
 
   
2. ANT-Alerting .08 —    
3. ANT-Orienting .04 .66* —   
4. PRT .01 -.11 -.06 —  
5. PRS .07 -.01 -.07 .05 — 
M 120.21 49.28 44.52 .55 28.62 
SD 61.51 43.77 70.00 .20 7.10 
*p < .05.     
 
  
Figure 2. Normality and homoscedasticity for model predicting ANT- Alerting 
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Figure 3. Normality and homoscedasticity for model predicting ANT- Orienting 
 
  
Figure 4. Normality and homoscedasticity for model predicting ANT Executive Control 
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Figure 5. Normality and homoscedasticity for model predicting Proof Reading Task (PRT) 
 
  
Figure 6. Normality and homoscedasticity for model predicting Perceived Restorativeness Scale 
(PRS) 
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Table 7 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting PRT 
Coefficient B SE (B) β t Sig. (p) 
Classical Music .08 .05 .15 1.65 .10 
Nature & Classical .06 .05 .11 1.24 .22 
Nature & Nature .06 .05 .12 1.32 .19 
Nature Photos .04 .05 .09 .93 .35 
BAI (centered) .01 .01 .19 1.34 .18 
Classical Music X BAI .01 .01 .03 .28 .78 
Nature & Classical X BAI -.01 .01 -.06 -.63 .53 
Nature & Nature X BAI -.02 .01 -.27 -2.82 .01 
Nature Photos X BAI -.02 .01 -.17 -1.81 .07 
 
Table 8 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting ANT-
Alerting 
Coefficient B SE (B) β t Sig. (p) 
Classical Music 25.23 12.95 .23 1.95 .05 
Nature & Classical 4.86 11.75 .05 .41 .68 
Nature & Nature 22.09 12.46 .20 1.77 .08 
Nature Photos 3.70 13.22 .03 .28 .78 
BAI (centered) -.44 1.46 -.06 -.30 .76 
Classical Music X BAI 2.89 2.73 .12 1.06 .29 
Nature & Classical X BAI .98 1.93 .07 .51 .61 
Nature & Nature X BAI -2.82 2.04 -.17 -1.38 .17 
Nature Photos X BAI 1.28 2.34 .07 .55 .59 
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Table 9 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting ANT-
Orienting 
Coefficient B SE (B) β t Sig. (p) 
Classical Music 23.58 20.82 .14 1.13 .26 
Nature & Classical 25.40 18.89 .16 1.35 .18 
Nature & Nature 39.67 20.04 .22 1.98 .05 
Nature Photos 1.24 21.25 .01 .06 .95 
BAI (centered) .01 2.34 .01 .01 .99 
Classical Music X BAI -.26 4.40 -.01 -.06 .95 
Nature & Classical X BAI -.81 3.10 -.04 -.26 .80 
Nature & Nature X BAI -5.14 3.29 -.19 -1.56 .12 
Nature Photos X BAI .67 3.77 .02 .18 .86 
 
Table 10 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting ANT-
Executive 
Coefficient B SE (B) β t Sig. (p) 
Classical Music 2.12 18.15 .01 .12 .91 
Nature & Classical 6.79 16.55 .05 .41 .68 
Nature & Nature -5.40 17.56 -.03 -.31 .76 
Nature Photos 28.38 18.62 .18 1.52 .13 
BAI (centered) .58 2.05 .05 .28 .78 
Classical Music X BAI 3.04 3.85 .09 .79 .43 
Nature & Classical X BAI -2.78 2.72 -.14 -1.02 .31 
Nature & Nature X BAI -1.89 2.88 -.08 -.66 .51 
Nature Photos X BAI 1.29 3.30 .05 .39 .70 
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Table 11 
Regression Analysis with Condition, Biophilic Attitudes, and their Interaction Predicting PRS 
(Urban Condition set as reference) 
Coefficient B SE (B) β t Sig. (p) 
Nature & Classical 4.97 1.37 .31 3.62 .00 
Nature & Nature 2.52 1.38 .16 1.83 .07 
Nature Photos 3.84 1.43 .23 2.69 .01 
BAI (centered) .15 .17 .12 .88 .38 
Nature & Classical X BAI .20 .23 .09 .87 .38 
Nature & Nature X BAI .14 .24 .06 .61 .54 
Nature Photos X BAI .29 .25 .11 1.15 .25 
 
 
 
Figure 8. Changes in Affect from Pre to Post-Intervention. Error bars represent standard errors. 
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Figure 9. Preference for Type of Environment. Error bars represent standard errors. 
 
Table 12 
Means and Standard Deviations for Compatibility and Condition on the PRT 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible .59 .04 19 
Non-Compatible .62 .05 19 
Nature & Nature    
Compatible .63 .05 18 
Non-Compatible .50 .05 16 
Nature Pictures    
Compatible .50 .05 18 
Non-Compatible .58 .04 21 
Classical Music    
Compatible .59 .04 18 
Non-Compatible .60 .05 22 
Urban Pictures    
Compatible .49 .04 20 
Non-Compatible .52 .05 18 
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Table 13 
Means and Standard Deviations for Compatibility and Condition on the ANT- Alerting 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible 52.33 33.38 13 
Non-Compatible 40.88 44.56 25 
Nature & Nature    
Compatible 51.89 34.87 9 
Non-Compatible 62.52 82.11 17 
Nature Pictures    
Compatible 37.00 11.83 8 
Non-Compatible 48.00 34.74 18 
Classical Music    
Compatible 63.43 33.73 7 
Non-Compatible 58.24 38.29 21 
Urban Pictures    
Compatible 33.18 19.74 11 
Non-Compatible 43.67 37.61 23 
 
Table 14 
Means and Standard Deviations for Compatibility and Condition on the ANT-Orienting 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible 47.14 41.33 19 
Non-Compatible 51.32 33.63 19 
Nature & Nature    
Compatible 43.77 23.08 18 
Non-Compatible 72.35 176.04 16 
Nature Pictures    
Compatible 29.00 19.68 18 
Non-Compatible 29.00 28.63 21 
Classical Music    
Compatible 65.14 46.95 18 
Non-Compatible 45.10 38.45 22 
Urban Pictures    
Compatible 17.00 61.58 20 
Non-Compatible 34.42 26.28 18 
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Table 15 
Means and Standard Deviations for Compatibility and Condition on the ANT-Executive 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible 129.95 34.48 19 
Non-Compatible 111.64 62.34 19 
Nature & Nature    
Compatible 120.56 42.97 18 
Non-Compatible 103.29 54.63 16 
Nature Pictures    
Compatible 157.38 61.92 18 
Non-Compatible 144.50 58.86 21 
Classical Music    
Compatible 84.00 42.68 18 
Non-Compatible 119.90 76.09 22 
Urban Pictures    
Compatible 110.82 72.15 20 
Non-Compatible 120.33 70.94 18 
 
Table 16 
Means and Standard Deviations for Compatibility and Condition on the PRS 
Compatibility Mean Std. Deviation N 
Nature & Classical    
Compatible 31.52 6.23 21 
Non-Compatible 30.48 5.73 30 
Nature & Nature    
Compatible 30.31 6.96 21 
Non-Compatible 26.59 7.76 28 
Nature Pictures    
Compatible 31.36 5.13 20 
Non-Compatible 28.55 7.07 24 
Classical Music    
Compatible 26.63 6.57 24 
Non-Compatible 24.07 8.16 22 
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